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Zener Diodes as Voltage Standards 


ZENER diodes with auxiliary equipment are in de- 
mand as working standards of voltage. These devices 
are rugged, shippable, and easily incorporated directly 
into a me asuring circuit so designed that a particular 
voltage will be delivered to a specified load over a wide 
range of input voltage and temperature. In most 
recording and controlling equipment built today, zener 
diodes replace standard cells as reference voltages. 
They also serve as standards in applications that require 
accuracies on the order of 0.01 percent. and interest has 
heen expressed in obtaining zener diode accuracies of 
0.001 percent or better. When higher accuracies are 
achieved. the zener diode might serve as a transfer 
standard of electromotive force (emf) to eliminate 
hand-carrying saturated standard cells. 

The Bureau is conducting a long-term study of zener 
diode behavior as part of its program to improve elec- 
trical standards and measurement techniques. W. G. 
Kicke, Jr..'! and H. H. Ellis are investigating the sta- 
bility and operating characteristics of a variety of these 
devices. They are also studying and deve loping meth- 
ods for making precise and accurate voltage measure- 
ments on zener diodes in terms of the present national 
standard * of voltage. 

There are two major differences between zener diodes 
with auxiliary equipment as a voltage standard, and 


standard or other chemical cells as a source of reference 
emf. These differences are that, first. zener diodes re- 
quire a source of operating current whereas standard 
cells do not; and. second, the ope rating voltage of zener 
diodes is 5 to 12 times that of the standard cell. 

The zener diode is a variant of the silicon junction 
diode, which is a semiconductor formed of two types 
of silicon having different electrical properties. Silicon 
junction diodes have an extremely high ratio of for- 
ward to reverse resistance and therefore are usually 
used as rectifiers or to block the current flow in one 
direction. However, if a voltage applied to the diode 
in the reverse direction is gradually increased, the cur- 
rent will remain extremely small until a critical voltage. 
known as the breakdown voltage, is reached. At this 
voltage and under controlled conditions. a nondestrue- 
tive breakdown of the high reverse resistance will occur 
and the current will increase rapidly. In the region of 
breakdown, the voltage drop across the diode will be 
very nearly independent of the current. depending only 
on the very small reverse resistance of the diode. 

The zener diode is fabricated in such a manner that 
this breakdown will occur in a particular voltage region. 
Commercial zener diodes are produced to have break- 
down voltages 8 5 to 200 V: however, at present 
only diodes in the 5- to 12-V range are being used as 


[hese commercially produce “dl temperature-compensated zener diodes are among several varieties being studied 


at the Bureau. 
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Left: The oil bath in the foreground contains temperature-compensated zener diodes. 
galvanometer preparatory to measuring the operating voltage of one of the diodes in the bath. 


W. G. Eicke, Jr., adjusts a 


The measurement 


procedure makes use of the opposition principle by obtaining the difference between the voltage produced by the 
diode and a reference voltage of nominally the same value obtained from a bank of unsaturated standard cells. 
These cells are mounted in the oil bath at far right. 
temperature-compensated zener diodes. 





reference voltage sources. 

To serve as a voltage standard, a zener diode must 
have a low temperature coefficient of voltage. The 
usual procedure to achieve a low temperature coeffi- 
cient is to package a zener diode with one or more 
diodes that operate in the forward direction. The nega- 
tive temperature coefficients of the added diodes are 
balanced against the positive coefficient of the zener 
diode. In addition, diodes in the operating range of 
> to 6 V can be made to have a zero temperature co- 
efficient at a specific temperature by proper selection 
of the operating current. A temperature-compensated 
zener diode is then connected to a suitable power source 
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Right: Basic circuit used to measure the operating voltage of 





in series with a resistor to limit the current. The out- 
put voltage of a typical network of this kind will vary 


about 0.01 percent or less for a variation of input 
voltage of 1 percent. 

The measuring technique selected for the Bureau 
study of zener diode behavior has been used by a num- 
her of investigators. The method is based on the op- 
position principle, in which the unknown voltage to be 
measured is opposed by a known voltage of approxi- 
mately the same magnitude. The small voltage dif- 
ference is measured with a potentiometer. 

In the NBS study, the known voltage is obtained from 
a hank of unsaturated standard cells mounted in a 
temperature-controlled oil bath. Immediately before 
and after use, the unsaturated cells are compared with 
a group of saturated cells that serve as the laboratory 
standard. In terms of these laboratory standards. 
known voltages of up to 9 V can be determined to 1 to 2 
parts per million (ppm), the uncertainty representing 
the maximum effect of random errors in the measure- 
ment, the systematic errors from known sources being 
The small differences between the known 
voltage and the diode voltage are measured on a 0.01 


negligible. 
percent potentiometer. Studies have shown that volt- 
ave differences of up to 1 V can be measured with neg- 
ligible systematic error and with the maximum effect of 
the imprecision in the measurements of the order of 
3 to 5 ppm. 


Stability With Time 


Most studies of zener diodes as standards of emf 
have been directed toward assessing their voltage sta- 
bility with time. Stability varies widely among diodes 


Stability of the operating voltage of several temperature- 
compensated zener diodes with time. V, is the zener 
diode voltage at the time of measurement; AV: is this 
voltage minus the initial voltage. 
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of the same type, and tests devised to indicate expected 
stability on the basis of such parameters as noise and 
leakage current have generally yielded negative results. 
\ correlation between noise and stability has been found 
in certain types of diodes, but the only satisfactory 
method for determining stability has thus far been 
individual study of each diode. 

A stability study of a number of reference zener 
diodes has been underway at the Bureau for approxi- 
mately 2!4 years. The total voltage variation found 
for the individual diodes over a 6- to 20-month period 
was as low as 15 ppm for one diode and as high as 135 
ppm in the extreme case observed. Approximately 
one-half the diode voltages varied by less than 40 ppm. 
These variations include ch: anges in voltage as a result 
of temperature cycling and being taken off power for 
short periods. The time required for the voltage of 
an individual diode to stabilize to an acceptable level 
ranged from a few days to almost 18 months. After 
the voltages had stabilized. some showed only random 
variations about the mean, whereas others showed a 
slight but definite drift either upward or downward with 
time. None of the diodes studied had been aged 
preselected. Most of them showed some _ hysteresis 
when subjected to wide temperature excursions or when 
taken off power for several days. About 10 percent of 
the diodes studied were stable to 10 ppm over periods 
of up to 10 months provided the temperature and cur- 
rent were not allowed to vary excessively between 
measurements. 

Those diodes requiring the least time to stabilize 
were least affected by large temperature and current 
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Frequency Offset for 1964 


THE FREQUENCY broadcast by stations of the U.S. Navy and NBS will be offset from the 
150 parts in 
U.T., 1 January 1964, is 20 parts in 10° lower than during 1962 and 1963. which was — 130 
Such changes in broadcast frequency are made 
T2 (G.M.T.). UT2 is a time scale based on the 
earth’s rotation. Changes in offset of frequency 


and are intended to keep the signals close to | 
are made only on | January. so that the same 
frequency. constant with respect to atomic standards, is available during each year. Changes in 
time signals. such as the 100-millisecond retardation on 1 November 1963. are made on the first 


of any month. Time changes become necessary if the offset does not keep the time signals within 


The stations involved are NBS stations WWYV. 
and WWVB. Fort Collins. Colo.: and the U.S. Navy stations NAA. Cutler, Maine: NBA. Canal 
Zone; NPG, San Francisco. Calif.; NPM Lualualei., 


fluctuations. Other investigators have observed similar 
behavior of reference zener diodes. Drift with time 
and sensitivity to both temperature and current have 
been attributed to surface effects on the silicon and, to 
some extent. to any aluminum oxide that may be formed 
in the diode when aluminum is used as the doping agent. 
Considerable progress has been made in reducing these 
effects by passivating the surface of the silicon and using 
other doping agents. 


Effects of Current and Temperature 


Diode characteristics other than stability are of con 
siderable importance. Studies are being conducted at 
the Bureau and elsewhere on the effects of current and 
temperature on diode voltage. Since it is unlikely that 
a diode voltage can always be measured at a specified 
current and temperature. it is desirable that suitable 
relations between these parameters be developed. 

NBS studies show that a:small but significant effect 
on the zener diode voltage is observed when an alternat- 
ing current is superimposed on the direct current used 
to operate the diode. Although this effect is small. it 
importance increases when the diode is used in an 
application requiring high accuracy. 


For further de tails, see The operating ¢ haracteristics 
of zener reference diodes, by Hoodward G. Etcke, Jr.. 
Proc. Meeting ISA (Chicago). Sept. 1963, Preprint No. 
28.1.63. 

Making precision measurements of zener diode volt- 
ages by oodward G. Eve ke, i) Trans. IF E} Paper No 
63-1445 (ta be published ) 
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10° during 1964. This offset. effective OOOO 


in accordance with an international agreement. 


Beltsville, Md.;: WWVH,. Maui, Hawaii: WWVL 


Hawaii; and NSS, Annapolis, Md. 
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Measurement of Standard Cells 


Thirteenth in a Series on NBS Measurement and Calibration Services* 


THE NATIONAL Reference Group of standard cells 
maintained by the Bureau was established to serve as 
the physical standard for the volt in the United States. 
The electromotive forces (emfs) of cells within the 
eroup, as determined by absolute measurements of the 
ohm and the ampere, have varied by less than 7 parts 
per million over a period of 50 years. It is these cells 
that provide the basis on which the Bureau determines 
the emfs of other cells to be used as standards. 

Saturated standard cells which have been compared 
with the cells in the National Reference Group are used 
as working standards in various research areas within 
the Bureau. Some of these areas are research work on 
pH standards, heat measurements including calibration 
of thermocouples, determination of thermodynamic 
properties of materials, and analytical chemistry (coulo- 
metric titration). Saturated cells are also used in the 
Bureau's bélination of watt-hour meters, the determi- 
nation of the faraday, and the determination of the 
eyromaenetic ratio of the proton. Clearly, saturated 
standard cells are a necessity in many phases of re- 
search, development, and manufacture. Furthermore, 
the Bureau provides calibration of unsaturated stand- 
ard cells used in its own programs. 

Calibrations of saturated standard cells are performed 
for public utilities, universities, research institutions, 
other government agencies, and private industry. Those 
in industry for whom testing is performed include 
manufacturers of electrical equipment, such as standard 
cells. and manufacturers of military devices. such as 
missiles and rockets. This service is achieved by means 
of working groups of saturated standard cells main- 
tained at the Bureau’s laboratories! in Washington. 
D.C.. and Boulder. Colo. The emfs of the cells in the 
working group at Washington are determined every 4 
to 6 weeks by comparison with cells in the National 
Reference Group. The emfs of the cells in the working 
group at Boulder are determined using a transfer group 





Arrangement of the electrodes and electrolyte in a satu- 
rated standard cell of the type included in the National 
Reference Group maintained by the Bureau. 
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of saturated standard cells, the mean emf of which is 
measured by comparison with cells in the National Ref- 
erence Group at Washington, D.C. 

The National Reference Group today consists of 44 
saturated cells of the cadmium sulfate type, all made at 
the Bureau. Eleven of these cells were made in 1906 
and have been included in the group since 1911, when 
the International Volt was defined in terms of the 
Weston cell. In addition, there are now in the group 
some cells made in 1932 and added (after aging) in 
1937, and some cells made 1949 and added to the 
group in 1955. 

Most saturated cells are constructed in the form of a 
sealed glass H-shaped container. One of the vertical 
sections contains mercury and mercurous sulfate as the 
positive electrode, and the other contains a 10-percent 
cadmium amalgam as the negative electrode. The elec- 
trolyte is a —— solution of cadmium sulfate. 
Crystals of CdSO, 3 H.O are present at both elec- 
trodes for all citing temperatures. Saturated cells 
used as standards deka be submitted to the Bureau 
for measurement every year for the first 3 years and 
every 2 to 3 years thereafter. 

Unsaturated cells are similar in construction to satu- 
rated cells and contain the same electrode materials. 
The cadmium sulfate solution is unsaturated at working 
temperatures, but becomes saturated at 4 °C. A septum 
over each electrode permits this type of cell to be tipped 
or even inverted. Unsaturated cells are generally used 
as working standards because they have a tempe se 
coefficient only one-tenth that of a saturated cell and. 
well-packed with excelsior or similar materials, can . 
shipped by commercial carrier. 

Unsaturated cells should be calibrated using a group 
of saturated standard cells every year or at least eve ry 
2 years, since, on the average. the *y decrease in emf at 
the rate of 20 to 40 nV per year. 

In keeping with the Bureau’s long-standing policy of 
discontinuing services when such services can be ade- 
quately provided by other laboratories, routine Bureau 
measurements of unsaturated cells were discontinued as 
of June 30, 1961. The Bureau, however, does compare 
unsaturated cells for public utilities and other agencies 
conducting operations that require direct Bureau serv- 
ices. The Bureau also continues to conduct referee 


tests. 


*Previous articles have been: Calibration of gage blocks, 
Feb. 1963; A-c voltage calibrations, Aug. 1963; and Volumetric 
of platinum resistance thermometers, Apr. 1961; Calibration of 
inductive voltage dividers, May 1961; X- and gamma-ray cali- 
bration, July 1961: Calibration of microphones, Nov. 1961; 
Calibration of optical pyrometers, Nov. 1961; Calibration of 
flowmeters for liquid hydrocarbons, Feb. 1962; Calibration of 
neutron sources, Mar. 1962: Precision resistance measurement, 
Feb. 1963; A-c voltage calibrations, Aug. 1963; and Volumetri« 
measurements at the National Bureau of Standards, Oct. 1963. 
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Relation of international and absolute electrical units to mks units. 


Checking the National Reference Group 


Intercomparisons of the reference standard cells in 
the National Reference Group are made with a standard- 
cell comparator... The instrument is a highly special- 
ized potentiometer designed by the late H. B. Brooks, 
formerly of the Bureau’s electrical instruments labora- 
tory. The difference between the emfs of a reference 
cell and of an unknown cell can be read directly on the 
comparator through a mechanical computing arrange- 
ment. The sensitivity of measurement is such that a 
difference of 0.1 uV between the two emfs can be de- 
tected for any value of difference up to 2000 pV. 

The D’Arsonval galvanometer used with the com- 
parator has a nominal sensitivity of 0.2 nV /mm scale 
division. The external critical damping resistance is 
1200 ohms and the period is 8 sec. 

NBS cells to be compared are mounted on a ma- 
hogany rack. In front of each cell is a lucite or bakelite 
holder fitted with copper cups containing mercury into 
which are placed the platinum leads sealed into the elec 
trodes of each cell. The rack, together with the cells. 
is then completely submerged in a constant-temperature 
oil bath. External connections to the potentiometer are 
made through the mercury in the copper cups and under 
the oil with stabbers (copper wires which have been 
amalgamated on the tips); the remaining contacts are 
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copper-to-copper to avoid thermal emfs. The positive 
stabber connections of both the reference cell and the 
unknown cell go to post positions and then through 
conduits to the standard-cell comparator. The negative 
connections of the two cells also go to post positions 
which are common: thus the cells are in series but in 
opposition, and the difference between their emfs is 
measured. 

The emfs of the cells in the National Reference Group 
ire ¢ ompared every | to O weeks. These ( hecks show 
that individual cells remain constant relative to one 
another to better than 1 »V over a period of years. The 
emf of a reference cell can be determined by 


2A 


n 


E.r=M 


is the emf of a reference cell. M is the mean 
of the group, SA is the algebraic summation of the 
differences hetween the emf of the same reference cell 


where E,.. 


and the emfs of the other cells in the group. and 7 is the 
number of cells in the group. 

As a check on the accuracy of the determination of 
the emf of a standard cell. its absolute emf can be 
measured by comparison with the IR drop across a 
standard resistor. The result of such a comparison is 
known to within 0.1 part per million {ppm). The 
comparison requires determinations of the value of the 


»” 











resistor in mks units in terms of mutual or self induc- 


tance and frequency.’ or capacitance and frequency. 
and of the value of the current in mks units with current 
balances. ' 
determinations for the mutual or self inductor and for 
the capacitor are 5 ppm and 2 ppm. respectively, and 
that of the current is 5 ppm. The absolute value of the 
volt. a secondary standard derived through Ohm’s law. 
is therefore known to within 7 ppm. 

These measurements. especially those made with the 
It is for 
this reason that the National Reference Group is used 


current balances. are extremely complex. 


to maintain the volt between absolute determinations 
Also because of this complexity. determinations of the 
emfs of commercial standard cells are accomplished 
through comparisons with saturated standard cells. 
the emfs of which are known in terms of the National 
Reference Group. 

All evidence concerning the emfs of the cells in the 
National Reference Group indicates that they are highly 
stable. Comparisons made since 1O]1 between the 
emf of any cell in the group and the IR drop within a 
standard resistor have shown that the emf of the group 
is within the absolute uncertainty of 7 ppm. that is. the 
emf has not changed by as much as 7 ppm (7 wV) from 
1906 to 1963. 
O.12 wV yr. and the actual change probably is much 
less than this amount. 


Such a change would be equivalent to 


Comparisons with other national laboratories provide 
another check on the stability of the National Reference 
Group. Various international comparisons have been 
made from 1911 to the present. and these were placed 


on a regular basis in 1932 when the International Bu- 


6 


The overall uncertainty of the resistance 





Left: Catherine Law makes a connection to one of the 
standard cells in the National Reference group.  Belou 
Standard-cell comparator used to intercompare emfs of 
cells within the National Reference Group and to meas- 


ure the emfs of cells submitted for calibration. Anna 
Skapars is balancing the galvanometer used with the 
comparator. Any difference in emf between the two 
cells being compared can be read directly on the com- 
parator through a mechanical computing arrangement. 
The comparator was designed by the late H. B. Brooks, 
formerly with the Bureau’s electrical instruments labora- 
tory. 


reau of Weights and Measures began comparisons of 
standard cells. On January 1. 1948, the international 
units. based on physical standards (the mercury ohm. 
the silver voltameter, and the standard cell). were con- 
verted to absolute units. based on leneth. mass. and 
time. Inthe United States. one international volt equals 
1.000330 absolute volts. Comparisons made every 2 01 
3 vears since 1948 have shown that the United States 
unit of emf has changed less than 0.12 pV) yr in com- 
parison with the emf established by the cells maintained 
at the International Bureau of Weights and Measures. 
Typical data from one of these comparisons are given 
in NBS Circular 524. 


Reporting the Emfs of Unknown Cells 


\ report of calibration is issued on cells submitted to 
the Bureau for emf measurement. The report gives 
the results of the measurement and, if pertinent. the 
physical condition of the cell. For saturated and un 
saturated cells. different criteria govern the information 
included in the report.' 

Saturated cells. Saturated cells are checked in either 
an oil bath or an air bath. depending on the request of 
the user. Upon receipt for checking. the cells are in 
spected when possible for gas bubbles over the amalgam. 
mixing of the materials. discoloration of the mercurous 
sulfate due to light, and any other abnormalities. The 
racks on which the cells are mounted are inspected to 
make sure that good electrical contact can be made to 
the terminals. Cells which are received unmounted are 
racked in the same manner as NBS cells. Upon receipt, 
an initial emf reading is taken to insure against an open 
circuit. 
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Saturated cells received in Washington, D.C.. are 
tested in oil at 20. 25, 28. 30, 32. or 35 °C. The cells 
are placed in an oil bath that is within 0.01 °C of the 
nominal temperature: that is. cells to be tested at 28 °C 
are placed in an oil bath which is between 27.990 and 
A preliminary emf reading is taken after 
the cells have been in the oil bath for at least 1 week. 
After the cells have been at constant temperature for 
weeks, 10 emf measurements are taken on 10 consecu- 
tive working days. 

Resistance measurements on platinum resistance 
thermometers in both the reference-cell bath and the 
bath containing the cell under test are made at the same 
time as the emf measurements. The resistance is meas- 
ured on a Mueller temperature bridge which has a 
detectable limit of 0.0001) ohm. corresponding to 
0.001 °C. The temperatures of the baths are thus 
determined by resistance measurements, and corre- 
sponding corrections are made to the emf to correlate 
it with the exact temperature. The temperature cor- 
rections for both the reference standard cell and the 
cell being checked are made with the International Tem- 
perature Formula: 


k,=E.,,—40.6 K 10-* (t— 20) 
—().95 X 10-° (¢—20)?+0.01 X 10-* (¢—20) 


The uncertainties in emf resulting from an uncer- 
tainty of +0.01 °C in temperature at 28 °C and 
39 °C are +£0.5 and +0.6 vV, respectively. 
Saturated cells received at the Bureau for test in an 
air bath are tested in the air bath in which they are 
mounted. The air baths, based on a design by Mueller 
and Stimson,* have their own heaters. means of control 
(regulators), and a thermometer or other temperature- 
sensing device. Only an external source of power must 
be provided. The cells are allowed to remain at con- 
stant temperature for 1 month, and the same measure- 
ment procedure is followed as that for cells in oil. The 


Several racks of commercially made saturated standard 
cells as submitted to the Bureau for measurement. 
Top view of one of the oil baths (cover removed) in 
which saturated cells are tested. 
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temperature of the cells in air is measured by the 
thermometer or other temperature-sensing device, but 
no corrections in emfs of the cells are made for this 
temperature: instead, the mean emfs of the cells are 
reported at the mean temperature of the box. If a well 
for a platinum resistance thermometer is provided i 
the box, the temperature is also measured with this 
type of thermometer and is noted in the report (in 
addition to the mercury-thermometer temperature ) 
The number of measurements on which a reported 
emf is based depends on the behavior of the cell. When 
the emf of the cell is highly stable, 10 measurements 
are made and the mean emf is given to 0.1 «V. These 
10 values are not identical, and if the procedure were 
to bere peate d. the 10 new values would not be identical 
to those of the original set. This variability of the 
measurement process is characterized by the use of the 
standard deviation. S,,. for the mean of 10 measure- 
ments of the emf value. On the basis of a statistical 
study of all saturated cells of high stability measured at 
the Bureau since 1954, this standard deviation was 
found to be of the order of 0.17 »V and is representative 
of the precision associated with the measurement of 
highly stable saturated cells at the present time. The 
emfs of cells which exhibit a standard deviation sig- 





. 








nificantly in excess (greater than 0.25) of that for 
stable cells or which show any other unusual behavior 
are reported with any comment that may be pertinent. 
(The standard deviation is a measure of the varia- 
bility due to the variations in cell emfs and any other 
variability in measurement that is not a systematic 
error, such as thermal emfs, transient emfs, emf un- 
balance during measurement, observer error, or any 
uncertainty in temperature. ) 

A number of methods may be utilized to represent 
the maximum effect of measurement variability on the 
final averages; for example, one may take three times 
the standard deviation. which is equivalent to a 99.7 
percent confidence interval for a normal distribution of 
random errors. This method is used at the present time 
to obtain the reported uncertainty for random errors 
in the measurement procedure and variability in the 
emf of the cell during test. 

The uncertainty of the reported values for highly 
stable cells is stated to be 0.0001 percent or + lV. The 
stated uncertainty (0.0001% ) includes an allowance of 
0.5 »V for the random errors in the measurement pro- 
cedure and variability in the emf of the cell during test 
(this corresponds to a 3 standard deviation limit based 
on a standard deviation of the order of 0.17 »V for the 
mean of the 10 measurements) and an allowance of 
0.6 wV for the possible effects from known sources of 
systematic errors. These systematic errors involve any 
long-term drift of the National Reference Group and 
the working groups of standard cells. and the uncer- 
tainties in the comparison of these groups of cells. The 
uncertainty (0.0001‘ ) does not include any uncer- 
tainty that may be associated with the long-term. sta- 
bility of the cells submitted for calibration. 

The expected stability of saturated standard cells may 
he expressed (a) in terms of absolute measurements 
conducted at periodic intervals (or in terms of the 
National Reference Group of Standard Cells). (b) in 
terms of the Bureau’s records on the stability of cells 
submitted for calibration, and (c) in terms of their care 
and maintenance discussed in the sections to follow. 
In terms of absolute measurements. the National Ref- 
erence Group of Standard Cells is stable to within 0.12 
uV ‘yr or better, and this stability may be approached by 
other saturated standard cells. In terms of the Bureau’s 
records of cells submitted for calibration. the average 
oo in emf range between --1.2 »V/yr and + 1.2 
uV /y Some eile: show less change in emf per year. 
while sa srs show more, either as a result of aging or of 
the type of maintenance the cells may have received. 

To summarize, the accuracy of the emf of a saturated 
cell can be stated in terms of: 

(1) The emf of the National Reference Group. The 
uncertainty of the calibration (average of 10 
measurements) for highly stable cells is given 
to 0.6 pV. 

(2) The emf of a working group of saturated stand- 
ard cells. The uncertainty of the calibration 
(average of IQ measurements) for highly 
stable cells is given as 0.0001 percent or 

LuV. For less stable cells (standard devia- 
tion greater than 0.25), the instability is 





noted and the observed standard deviation 
given. 

(3) Absolute value of emf, within 7 ppm. 

(1) Difference between emf of cell and absolute 

IR drop, within 0.1 pV. 

(5) Constancy of National Reference Group (vari- 

ation of less than 0.12 nV /yr). 

\ so-called shippable saturated standard cell recently 
has been made in England and in the United States. 
This type of cell has a septum over each of the elec- 
trodes. At the present time, the emfs of these cells are 
reported with the same uncertainty statement as the 
emfs of the nonshippable types. However, a tvans- 
mittal letter is sent with the report on cells which have 
been shipped. The letter states that data accumulated 
thus far by the Bureau are insufficient to indicate the 
stability of saturated standard cells when shipped by 
common carrier. Accordingly, the statements which 
are given under stability on the reverse of the report 
form are not applicable. Results obtained on subse- 
quent tests should provide an answer to the stability of 
cells shipped by commercial carrier. 

Unsaturated cells. Unsaturated standard cells “ea 
mitted to the Bureau for measurement are placed i 
a lag box (which maintains the cells at a nearly eni 
form temperature) on the day they are received, and 
readings are started the next working day. Ten emf 
measurements are taken on 10 consecutive working 
days. If the first two readings are abnormal, these are 
omitted and two additional readings are taken. The 
last 10 emf readings are then averaged. The tempera- 
ture of the laz box is measured with a mercury-in- -glass 
thermometer graduated in tenths of a degree Celsius. 
The 10 temperature readings corresponding to the 10 
emf readings are also averaged. If the 10 emf readings 
have deviated by less than +50 pV from the 
average, the emf is reported with an uncertainty of 
0.005 percent. Since unsaturated cells are measured 
to 1 pV. the error due to the measurement process 
is of such a smaller order of magnitude that it does 
not contribute to the uncertainty. The emf is given 
to 10 nV on the report: the temperature is given 
to the nearest degree. Since unsaturated cells have 
such a low temperature coefficient (about 5 pV/°C). 
the effect of normal temperature changes on the emf is 
negligible. 

The uncertainty is not applicable and detailed com- 
ments are given if (1) the cell has shotvn fluctuations 
in emf exceeding 0.005 percent. (2) the internal re- 
sistance is high (greater than 3500 9). (3) the emfs 
show excessive emf-temperature hysteresis, or (4) the 
cells show leakage or are otherwise in bad condition, 
or there is an open circuit. In such cases, the emfs 
are reported to fewer significant figures. 

If the emf of the cell is below 1.01830 and the emf 
is steady or constant throughout the test. a transmittal 
letter is sent with the following statement: 

Please note that the electromotive force of this cell is 
helow 1.01830 volts. It has been our experience that 
standard cells having emfs below 1.01830 volts are 
approaching the end of their useful life. 

(he reference standard cell used in measuring an 
unsaturated cell is a saturated cell having an emf 
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known in terms of the National Reference Group. The 
reference standard cell and the unknown cell are 
placed in series with a common negative as described 
previously, and the difference is measured on the 
standard-cell comparator. If the difference is larger 
than the range of the comparator, the emf is measured 
on a potentiometer having three ranges and a means 
for eliminating stray thermal emfs, particularly in the 
valvanometer circuit. 

In recent years, the number of saturated cells sub- 
mitted to the National Bureau of Standards for check- 
ing has increased significantly. Within the last 10 
years, for example, the number has increased from 50 
cells per year to more than 800, indicating that a large 
number of standards laboratories throughout the coun- 
try maintain groups of saturated cells that can in turn 
be used to check unsaturated cells. 

Unsaturated cells not intended for uses that would 
necessitate comparison at the Bureau should be sent 
to the manufacturer for checking. or to a standards 
laboratory equipped with a group or groups of satu- 

rated cells having emfs known in terms of the national 


Meinke, Allen Appointed 


DR. W. WAYNE MEINKE. distinguished radio- 
chemist, has been appointed Chief of the NBS Analytical 
Chemistry Division. Dr. Harry C. Allen, formerly 
Chief of Analytical Chemistry. has been named Chief 
of the Inorganic Solids Division. Dr. Allen succeeds 
Dr. Alan D. Franklin, who will spend a year in Great 
Britain, at Harwell United Kingdom Research Estab- 
lishment, studying point defects in ionic crystals. 

Dr. Meinke’s interest in the radiochensical field in- 
cludes activation analysis, radiochemical separations, 
and nuclear decay schemes. He has authored singly 
and in collaboration approximately 100 papers in these 
areas. 

Born in Elyria, Ohio, in 1924, Dr. Meinke attended 
Oberlin College in Ohio where he received an A.B. in 
chemistry in 1947. This was followed by graduate 
study under the direction of Professor Glenn T. Seaborg 
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standard. In this way, traceability of values and units 
to the National Bureau of Standards can be maintained. 


‘See Calibration and Test Services, NBS Misc. Publ. 
250, for sale by Superintendent of Documents, U.S. Gov- 
ernment Printing Office, Washington, D.C., 20402. Price 
70 cents. 

“The standard-cell comparator, a specialized poten- 
tiometer, by H. B. Brooks, J. Res. NBS 11, 211 (1933). 

‘An absolute measurement of resistance by the Wen- 
ner method, by J. L. Thomas, C. Peterson, I. L. Cooter, 
and F. R. Kotter, J. Res. NBS 43, 291 (1941). 

* Evaluation of the NBS unit of resistance based on a 
computable capacitor, by R. D. Cutkosky, J. Res. NBS 
65A (Phys. & Chem.), 147 (1961). 

° Measurement of current with a Pellat-type electro- 
dynamometer, by R. L. Driscoll, J. Res. NBS 60, 287 
( 1958). 

° Measurement of current with the National Bureau of 
Standards current balance, by R. L. Driscoll and R. D. 
Cutkosky, J. Res. NBS 60, 297 (1958). 

"Standard cells and the unit of electromotive force, 
by W. J. Hamer, L. H. Brickwedde, and P. R. Robb, NBS 
Circ. 524, 103 (1951). 

*A temperature-control box for saturated standard 
cells, by E. F. Mueller and H. F. Stimson, Jr., J. Res. 
VBS 13, 699 (1934). 


to Head NBS Divisions 


at the University of California at Berkeley where he 
was awarded his Ph. D. in nuclear chemistry in 1950. 
In that same year he began a teaching career as instruc- 
tor at the University of Mic higan, where he progresse “d 
to assistant professor, associate professor, and in 1962 
to full professor, the post he left to come to the Bureau. 
Dr. Meinke’s professional life has extended beyond 
his university associations. For four years he served 
as Chairman of the Subcommittee on Radiochemistry 
of the National Research Council, and as editor for the 
series of monographs on the radiochemistry of the ele- 
ments sponsored by the subcommittee. At present he 
is a member of the Atomic Energy Commission Ad- 
visory Committee on [Isotopes and Radiation Develop- 
ment, and the Advisory Committee to the Analytical 
Division of Oak Ridge National Laboratory. Prior to 
his appointment to NBS, Dr. Meinke served on the 
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NAS-NRC Advisory Committee to the Analytical and 
Inorganic Chemistry Division at the Bureau. He cur- 
re sntly represents the American Chemical Socie ty on its 
American Standards Association Sectional Committee 
N2 on General Standards for Nuclear Energy. 

During the past 3 years Dr. Meinke has served i 
a consulting capacity for over a dozen large corpora- 
tions. In addition he has been consultant to the Divi- 
sion of International Affairs of the U.S. Atomic Energy 
Commission, and recently took part in an International 
Atomic Energy Agency study group meeting in Bang- 
kok, Thailand. where the group inve stigated the utili- 
zation of research reactors. He also participated in an 
IAEA panel held in Vienna on chemistry research with 
research reactors. 

Dr. Allen has been an NBS staff member since 1954. 
As Chief of the Analytical and Inorganic Chemistry 
Division, he headed a broad program aimed at develop- 
ing methods for measuring the chemical 
composition. and behavior of substances; preparing 
standard reference materials: and making accurate 
measurements and data collections of chemical systems. 
Earlier research for the Bureau concerned the analysis 
of high-resolution infrared spectra of gases and the 


properties. 


1963 meeting of the 


International Committee 


MAJOR decisions affecting international cooperation 
in science were reached during the 52d meeting of the 
International Committee of Weights and Measures. held 
in Paris in October 1963. These decisions, if imple- 
mented, will result in a very substantial increase in the 
activities of the oldest intergovernmental scientific lab- 
oratory. The U.S. member of the Committee is Dr. 
A.V. Astin. NBS Director. 

The International Committee of Weights and Meas- 
ures supervises the work of the International Bureau 
of Weights and Measures, which owes its origin to the 
Treaty of the Meter of 1875. This organization. which 
is supporte ‘<d by 39 governments. provides the basis for 
assuring uniformity of physical measurement through- 
out the world, including the improvement and exten- 
sion of the metric system. The participating govern- 
ments control this activity through a General 
Conference of Weights and Measures. which meets 
normally at 6-year intervals. The International Com- 
mittee is appointed by the General Conference to super- 
vise the scientific activities on a continuing basis. 

The International Committee concluded at its recent 
sessions that 6-year meetings were too infrequent and 
has ordered the 12th General Conference of Weights 
and Measures, originally scheduled for 1966. to be 
convened in October of 1961. At this Conference the 
participating governments will be requested to double 
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theory of molecular spectra. He spent the year 1959-60 
in the Department of Theoretical Chemistry at Cam- 
bridge University in England under the sponsorship of 
the NBS Training Program. 

Born in Saugus, Mass., Dr. Allen received his B.S. 
in chemistry from Northeastern University in 1948, and 
his M.S. in physical chemistry from Brown University 
a year later. He continued his studies in that field at 
the University of Washington, where he received his 
Ph.D. in 1951. Dr. Allen then attended Harvard Uni- 
versity as an Atomic Energy Commission Postdoctoral 
Fellow. 

Dr. Allen is a member of the Philosophical Society 
of Washington. the Washington Academy of Sciences 
the American Chemical Society, the American Physic al 
Society. Phi Lambda Upsilon, and Sigma Xi. He was 
\ssociate Editor of the Journal of Chemical Physics 
from 1958 to 1960. He and Paul C. Cross, President 
of the Mellon Institute in Pittsburgh, Pa., are co-authors 
of a book entitled “Molecular Vib-Rotors, The Theory 
and Interpretation of High Resolution Infrared Spec- 
tra” (John Wiley & Sons, New York. N.Y.). The book 
presents the theory of vibrating-rotating molecules. and 
applies this theory to the analysis of spectral bands. 


sures 


of Weights and Mea 


the regular budget of the International Bureau of 
Weights and Measures. going from the present level of 

$300,000 per year to 8600. 000.'. The governments will 
hes be asked to make an extra contribution of $300,000 
to facilitate the equipping of a new laboratory 
under construction on the Bureau’s site in Sévres. just 
outside of Paris. This laboratory was authorized by 
the 11th General Conference of Weights and Measures 
(1960) and is intended to provide the international 
center for the coordination of standards for measuring 
ionizing radiations. 


now 


The increased operating budget. if approved. will 
permit attention by the staff of the International Bureau 
to modern problems in metrology, including such 
things as improvement and extension of the temperature 
scale and the realization of the full potential afforded 
by the wavelength definition of the meter which was 
agreed upon by the 11th General Conference. 

In recognition of the growing importance of pre- 
cision measurements at very high radiofrequencies, the 
Committee established a special task force to study the 
possible need for a program in this area at the Inter- 
national Bureau. Increased international trade in ra- 
diofrequency instruments, the growing importance of 
physical constants measured at radiofrequencies. and 
the prospects of international cooperation in space and 
satellite programs are factors requiring a greatly in- 
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creased and continuing effort to assure the international 
compatibility of measurements at radiofrequencies. 

The Committee set in motion procedures which may 
lead to the redefinition of the second in terms of an 
atomic constant at the October 1964 General Confer- 
ence. A group of specialists meeting as the Consulta- 
tive Committee for the Definition of the Second in 
Paris in December 1963 was scheduled to try to reach 
agreement on a specific atomic frequency as the basis 
for defining the unit of time. If the Consultative Com- 
mittee reaches agreement, their recommendations will 
he considered by the International Committee by cor- 
respondence and if approved, presented to the General 
Conference in 1961. Previously it had been expected 
that agreement on an atomic definition of the second 
would not be reached before 1966. 

The International Committee agreed to recommend 
a redefinition of the liter which had been formally de- 
fined in 190] in terms of the volume occupied by a 
kilogram of water. It was intended that the liter would 
be identical in value to the cubic decimeter. It is now 
known that the two volumes differ by 28 parts in a mil- 
lion and this discrepancy is frequently a cause of diffi 
culty in precision measurements. The Committee will 
recommend to the General Conference that the old defi- 
nition of the liter be abandoned and that the liter be 
recognized as a special name for the cubic decimeter. 

Acting upon the recommendation of its Consultative 
Committee for the Definition of the Meter, the Com- 
mittee adopted standard values of a number of atomic 
energy transitions as secondary length standards. The 
meter is now defined in terms of the 2P,,, 5d. transition 
of krypton 86. Among the secondary standards ap- 
proved were four additional transitions in krypton 86. 
four transitions in mercury 198. and four in cadmium 
114. 

Acting upon the recommendation of its Consultative 
Committee on Standards for Measuring lonizing Radia- 
tions, the Committee agreed to recognize the curie, with 
the symbol Ci, as a special unit of activity equal to 
3.7 X 10!° disintegration per second. The new sym- 
bol differs from common usage but is consistent with 


the standard symbol of the International Council of 
Scientific Unions and also of the International System 
of Units which is the responsibility of the Interna- 
tional Committee of Weights and Measures. The Com- 
mittee also agreed to recognize the roentgen, designated 
hy the symbol R, as a special unit for radiation dose. 

The International Committee approved several pro- 
grams involving the international exchange of instru- 
ments and materials as a means of promoting uni- 
formity of measurement. These programs were based 
upon recommendations of several Consultative Commit- 
tees and include the distribution of electrical instru- 
ments and standards, standard thermometers, standard 
light sources. standard radio nuclides, and standard 
x-ray ionization chambers. 

As a means of promoting increased international 
communication and understanding in the science of 
physical measurement. the Committee agreed to spon- 
sor an international journal to be called Metrologia. It 
is expected that the new journal, which will receive edi- 
torial guidance from the International Committee, will 
be privately published. A formal announcement with 
specific details will probably be made within the next 
few months. The new journal will include articles de- 
scribing original research in various fields of precision 
measurements and the development of associated 
standards. In addition. review articles in various 
branches of metrology will be featured. The journal 
will publish articles in the language in which they are 
submitted by the author. 

The International Committee consists of 18 members 
and is chaired by Dr. Richard Vieweg, former President 
of the Physikalisch Technische Bundensanstalt. 
Braunsweig, Germany. Vice Chairman of the Commit- 
tee is Dr. Leslie Howlett, Director of the Division of 
Applied Physics. National Research Council. Ottawa, 
Canada. and the Sec retary is Dr. J. de Boer. Professor 
of Physics at the Institute for Theoretical Physics. Uni- 
versity of Amsterdam, The Netherlands. 


‘The United States is assessed 10 percent of the total budget. 


NBS Photos Win Awards 


NBS PHOTOS won two awards in the annual metal- 
lography competition conducted at the American So- 
ciety for Metals Show in Cleveland October 21—25. 
1963. 

The entry of John A. Bennett and David B. Ballard 
of the Bureau’s metallurgy laboratory. consisting of 
two electron micrographs (top, on cover ) and two color 
prints titled “Diffraction Colors on a Fracture Surface 
of 6061—-T6 Aluminum Alloy.” won first prize in the 
surface coatings and surface phenomena classification. 
The ridges in these micrographs delineate the progress 
of a fatigue crack front (from top to bottom) at 
successive cycles of loading. 
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The entry of Mrs. Ruth D. Mayner of the Bureau 
staff (bottom. on cover) titled “Surface of a Fatigue 
Fracture of 6061—-T6 Aluminum Alloy.” was awarded 
honorable mention in the aluminum. magnesium. be- 
ryllium. titanium, and their alloys classification. This 
photo, which was taken with a metallurgical microscope. 
shows the result of fatigue crack propagation on a plane 
of maximum shear stress. that is, at a 45-degree angle 
to the plane of maximum tensile stress. The areas in 
focus indicate a fairly smooth surface: those out of focus 
are valleys or hillocks on the surface. The direction of 
crack propagation is from left to right. 












ie” $B. 
Laboratories, and B. W. 
the NBS Cryogenic Engineering Laboratory, visit with 
Hiroshi Sakurai (right), Chief of Research, Japan Oxy- 
gen Company, Ltd., at the Ninth Annual Cryogenic Con- 


Manager of the NBS Boulder 
Birmingham (/e/t), Chief of 


Scott) (center), 


ference. Mr. Scott visited the Japan Oxygen Company 
Company in Tokyo in 1962. 


THE NINTH Annual Cryogenic Engineering Con- 
ference, sponsored jointly this year by NBS and the 
University of Colorado, was held in Boulder, Colo., 
August 19 to 21, 1963. During the 3-day period, 65 
tec hnic ‘al papers were ~ nted, review sessions cover- 
ing 5 basic cryogenic topics were held, and 2! dele- 
gate-participation seminars were conducted. To the 
934 delegates attending, the Conference brought the 
most advanced information on cryogenic methods, data, 
and equipment from both government and private lab- 
oratories in the United States and foreign countries. 
Although primarily of national interest. this year’s con- 
ference attracted eight speakers from foreign countries 
and delegates from as pe’ away as Tokyo, Japan. 

R. B. Scott. Manager of the Boulder Laboratories, in 
his welcoming ade lress to the de legates, reminisced that 
9 years ago. when the first C ryogenic Engineering Con- 
ference was held, the attendance was only 200. The 
Cryogenic Engineering Conference has since evolved to 
become an annual meeting of the top scientists and 
engineers in the ultra-low-temperature field. The first 
cryogenic conference was held at the NBS Boulder 
Laboratories in September of 1954, as a part of the 
scientific meetings held at the time the Boulder Lab- 
oratories were dedicated. 

In this vear’s conference. the four invited papers 
were all presented in the first session. presided over by 
B. W. Birmingham. Chief of the NBS Cryogenic Engi- 
neering Laboratory. Their titles were “Chemical Re- 
activity and Synthesis at Cryogenic Temperatures.” 


“Cryoengineering Nuclear Rocket Program.” “Ther- 
modynamic Properties of Cryogenic Fluids.” and “Basic 
Problems in Cryobiology ‘dl 













NINTH 


CRYOGENIC ENGINEERING 
CONFERENCE 


In the first of these papers. H. A. McGee, Jr., of the 
Georgia Institute of Technology, pointed out some en- 
gineering aspects of chemic ‘al synthesis at c ryogenic 
temperatures. He indicated the importance of the 
mass spectrometer as an analytical tool at low tempera- 
tures. This was the first time cryochemistry was con- 
sidered as a subject at these annual conferences, and 
Mr. McGee pointed out how such studies are necessary 
to the understanding of chemical reactions occurring 
in space. 

Kk. F. Hammel. representing the Los Alamos Scientific 
spoke on the cryoengineering nuclear 
rocket program. He discussed the current status of 
the U.S. Nuclear Rocket Reactor Project and the liquid 
hydrogen flow systems used in testing the reactor. An- 
other part of his talk was concerned with some of the 
eryoengineering problems that have arisen in the 
operation of this test facility. 

R. B. Stewart and K. D. Timmerhaus discussed their 
work at the NBS Cryogenic Engineering Laboratory 
where they are tabulating the the rmodynamic proper- 
ties of cryogenic fluids. They summarized some of the 
procedures utilized in providing the various sets of 
thermodynamic property values. These values are 
presented for several cryogenic fluids in the form of 
tables and graphs as well as analytical functions for 
computer programming. 

The final paper of the first session was presented by 
P. Mazur of the Oak Ridge National Laboratory. In 
his presentation, Mr. Mazur summarized the difference 
hetween cryobiology and low-temperature physics by 
citing that the object of study in cryobiology is a living 
cell and that most significant biologic al phe nomena 
occur above — 120 c. He indicate d that studies in 
cryobiology deal specifically with the nature of physical 
and che se ‘al events occurring in cells at temperatures 
below 0 °C, the likely causes of injury and death. and 
the me aun of avoiding cell damage. 

The diverse subject matter of the remaining 65 tech- 
nical papers was presented during the 8 other sessions 
of the conference. Proceedings of this year’s con- 


Laboratory. 


ference will be printed in Advances in Cryogenic 
Engineering, Volume 9, Plenum Press, New York, N.Y. 


J. A. Brennan (/e/t), of the NBS Boulder Laboratories, 
and Dr. L. Weil, Dean of the Faculty of Sciences and 
Director of the Center for Low Temperatures, University 
of Grenoble, France, informally compare notes during 
the 1963 Cryogenic Conference. Dr. Weil is the Euro- 
pean editor of Cryogenics magazine. 
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NBS staff members at the ninth annual Cryogenic Engineering 
Conference in Boulder, Colo., August 19 to 21, 1963. 


po 


Conference Report 


The following six articles are based on papers presented by | 
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Orifice Flow Characteristies of Liquid Nitrogen 
and Liquid Hydrogen Discharging into a Vacuum 


EXPERIMENTS have recently been conducted at the 
NBS Cryogenic Engineering Laboratory in Boulder, 
Colo., to determine the flow characteristics of a cryo- 
genic rocket propellant escaping from a simulated 
meteoroid puncture of a missile fuel tank.' The ex- 
periments were performed as a step toward solving the 
problems of storing propellants on space vehicles for 
long periods of time; they also provided information 
on flow characteristics through small orifices. 


6" Copper pipe = valve y 2 psig 

~ cneck 

: ge { Absolute vaive 
on 4d 


Cay manometer 
@ % aes A a4 0-125 cm Hg Xx Atm 
BO To vac abs. press. gage |_jy check 
AQ! pumps ) 4) || valve 
1100 cfm res 
4 (oT ix} 


(--~~= He purge gas 
)| re i= No purge gas 


Flange a’ Liq removal line 
Y Led | J 
t Meta! to—<4—<llb 

giass joint 


Liquid transfer 


 ) line 
yan 
fr 


| Glass phase Top ref line 


: separator 
| LNo | 
an Known volume 
Bottom ref SJ 
line 
' al a Metal to 
nh lass joint 
i 9g J 
5 micror +4 LL | 
screen +. 
Orifice 
| 
| 
Screer 


Glass dewar 


Flow characteristics of liquid nitrogen or hydrogen 
through simulated meteoroid punctures in missile fuel 
tanks were studied with this apparatus. The discharge 
characteristics of the fluids were determined as they 
passed through the orifice into the Dewar, which simu- 
lated conditions of outer space. 
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Previous research has established that fluid flow 
through small-diameter, thick-plate orifices is less pre- 
dictable than that through large orifices, and that gas 
bubbles in the escaping liquid restrict the flow. Such 
information led to speculation that loss of fuel due to 
small meteoroid punctures in cryogenic fuel tanks might 
be limited and the tanks be self-sealed by frost forma- 
tion in the orifice. Research was therefore begun to 
study these factors under simulated space conditions. 


oe 








Solid nitrogen forms as it emerges from the orifice (top 
center), into the simulated space environment. The 
purpose of the experiment was to determine flow char- 
acteristics of cryogenic fluids escaping from meteoroid 
punctures of uninsulated missile tanks. 
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The zero-gravity condition of space could not be dupli- 
cated in the NBS C ryogenic Engineering Laboratory 
experiment, but vacuum conditions below the triple 
point of the propellant were produced. 
Much of the apparatus for the experiment was made 
of glass so that both the fluid flow and the solid forma- 
tions of the escaping fluid could be observed Visually. 


The main part of the apparatus consisted of an orifice 
enclosed within an evacuated glass Dewar that simu- 
lated pressure and temperature conditions of space. The 
other side of the orifice was connected to a glass flask 
of known volume which in turn was connected to a 
container of the cryogen under investigation by cryo- 
genic transfer lines having the proper configuration. A 
manually operated butterfly valve was employed to con- 
trol the pressure in the Dewar. 

Liquid hydrogen and liquid nitrogen were used in the 
experiments: liquid hydrogen because it will be used 
as a fuel in certain missiles. liquid nitrogen because it 
is inexpensive, presents no particular personnel haz- 
ards, and has many of the characteristics of cryogenic 
fluids that will be used as rocket propellants. 

During all the testing. no solid was formed if the 
entire discharge through the orifice was liquid or if 
the entire discharge was gas, as. for example, during 
cooldown of the device. However. if a large volume 
of gas was discharged after cooldown, or if both gas 
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and liquid phases were discharged, the solid phase 
would form. Only a limited amount of solid formed 
at the orifice under any conditions, however, and never 
enough to stop the flow. 

The configuration of the discharging liquid. in the 
absence of any gas phase, was a jet of ;'; in. or longer. 
Length of the jet depended on the upstream pressures 
but was not entirely predictable. Under some condi- 
tions. the jet would take on the form of an inverted 
funnel with vapor and solid forming at the large end 
More often the liquid became a solid 
upon contacting something solid—either a part of the 


of the funnel. 


apparatus or the forming column of solid nitrogen or 
hydrogen. 

Discharge coefficients have been plotted for both 
liquid hydrogen and liquid nitrogen throughout the 
pressure range of the experiments. The diameters of 
the orifices tested were quite limited but results of the 
tests should aid in predicting fuel losses from meteoroid 
punctures. Other information from the experiments 
will help evaluate the effects of solid formation in pro- 
pellant venting devices or leaking valves on space 


vehicles. 


‘A preliminary study of the orifice flow characteristics 
of LN. and LH: discharging into a vacuum, by James 
4. Brennan, Advan. Cryo. Eng. 9 (in press). 


Thermodynamic Properties of Neon 


THE INCREASING interest in the use of neon as a 
working fluid in low-temperature refrigeration systems 
has e mphasize -d the need for extended thermodynamic 
property tabulations for this fluid. Recently the Bu- 
reau’s Cryogenic Data Center completed new thermo 
dynamic property tabulations for neon. These tabula- 
tions result from pressure-volume-temperature values 
predicted by theoretical means to extend the limited 
experimental data available from the literature. The 
work, which was done for the National Aeronautics and 
Space Administration, is described in three papers pre- 
pared by R. D. McCarty, and his associates." * 

The bulk of the pressure-volume-temperature data on 
neon from experimental sources is from two papers pub 
lished over 30 years ago. These data are for tempera- 
tures above 55 °K and for pressures between 20 and 90 
atm. The only other experimental P-V-T data are from 
more recent work at room temperatures and a few values 
at saturation together with some new vapor pressure 
data. In the present work, generalized equations of 
state and the theory of corresponding states have been 
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used to extrapolate the P-V-T data beyond the range of 
experimental values. The results were fitted to an equa- 
tion of state which was used throughout the temperature 
ange from 25 to 300 °K for pressures up to 200 atm 

‘both liquid and vapor. From this equation of state 
and the zero pressure, specific heat. thermodynamic 
properties of internal energy, entropy. and enthalpy 
have been determined and are tabulated at one degree 
increments for 30 isobars. These tables will* be pub- 
lished as an NBS Technical Note.’ Preliminary tem- 
perature-entropy diagrams for neon are now available 
from the Cryogenic Data Center. NBS, Boulder. Colo. 
80310. 


r 
for 


‘Preliminary thermodynamic properties of neon, by 
R. D. McCarty and R. B. Stewart, Advan. Cryog. Eng. 9 
(in press) Plenum Press. 

P-p-T values for neon from 27 to 300 °K for pres- 
sures to 200 atmospheres using corresponding states 
theory, by R. D. McCarty, R. B. Stewart, and K. D. Tim- 
merhaus, Advan. Cryog. Eng. 8, 135-145, Plenum Press 
(1963). 

“ Thermodynamic properties of as on, by R. D. McCarty 
and R. B. Stewart, NBS Tech. Note (in press). 
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Conference Report 


Analysis of Frost Phenomena ona Cryo-Surface 


\ TEAM of engineers at the Bureau has developed 
a mathematical formula for calculating heat and mass 
transfer to an uninsulated cryo-surface.'!. In work di- 
rected by R. V. Smith of the NBS C ryogenic Engineer- 
ing Laboratory. the frost formation on the c ryo-surface 
has been analyzed with sufficient detail and accuracy to 
give design engineers a reliable expression for calcu- 
lating the amount of heat transfer and frost formation 
for various applications. Such applications include 
uninsulated nitrogen or oxygen transfer lines, vaporiz- 
ers used to convert liquid to gas by heat of the atmos- 
phere, gas drying or purification procedures using a 
cryogenic surface to freeze out water and other unde- 
sirable substances. and uninsulated missile fuel tanks. 

In developing the formula, use was made of data 
compiled by previous investigators as well as informa- 
tion obtained in experiments at the Bureau. The 
experimental apparatus used in determining heat and 
mass transfer consisted of a liquid nitrogen- fille d cylin- 
der 214 in. in diameter, located in a wind tunnel where 
the air velocity. humidity, and temperature were con- 
trolled. Air velocities used were from 5 to 60 mph; air 
temperatures from 40 to 120 °F; and specific humidity 
from 16 to 325 grains per pound. 

Given the air velocity. temperature, and humidity. 
heat transfer to the cylinder is relative ly easy to calcu- 
late until frost begins to form on the cold surface. The 
frost is a heat insulator of varying value equal to 0.1 to 
0.5 in. of fiberglass under the forced convection con- 
ditions of the experiment. However, the insulation 
value of the frost is not in simple proportion to its 
thickness. 

Under conditions of the experiment, with the air 
temperature always above the melting point of the frost. 
after a period of time there is a continuing cycle in frost 
formation. New frost forming on the cold surface 
resembles a growth of hair (see illustration). The air 
trapped in the hairlike covering slows the heat transfer 
to the cold surface. However. as the hairlike frost ex- 
tends away from the cryo-surface, it begins to melt at 
the ends. The melted frost runs down into the fuzzy 
frost and solidifies as it nears the cold surface. This. in 
effect. moves the cold surface nearer the frost-air inter- 
face and stimulates a new growth of hairlike frost which 
eventually extends far enough to start melting and the 
cycle is repeated, 

The cycle of frost formation can be thought of as one 
of generation-degeneration-regeneration of insulation 
on the cold surface. The point at which it starts has 
heen named “point g-minimum” by the Bureau work- 
ers. If the temperature at the cold surface is constant. 
point g-minimum will vary with temperature, humidity. 
and velocity of the air: but it can be predicted for any 
set of conditions by the correlation section by the 
NBS research team. A comparison of the heat transfer 
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data predicted by the formula with that obtained experi- 
mentally shows reasonably good agreement. The for- 

mula and correlations are not limited to liquid nitrogen 
With slight modification, it can be 
used in other applications. 

The other part of the experiment, determining the 
mass transfer to the cryo-surface. was done by timing 
the frost buildup on the cylinder. placing the c ylinde ‘yr in 
a plastic bag, filling the cylinder with hot water to melt 
the frost from it, and weighing the contents of the 
bag. Accuracy of this tec hnique was within | percent 
on repeated tests. A formula for calculating the mass 
transfer or amount of frost buildup on a cylindrical 
cryo-surface at any given air velocity, temperature, 
and humidity was developed from the data on this 
expe riment. 


cooled surfaces. 


‘Analysis of the frost phenomena on a cryo-surface, 
by R. V. Smith, D. K. Edmonds, E. G. F. Brentari, and 
R. J. Richards, Advan. Cryog. Eng. 9 (in press). 





Frost formation that formed on a cryo-cylinder in a free- 
convection humid atmosphere. The hairlike frost 
formation has some insulation value on the uninsulated 
cryo-surface. 
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STEADY STATE CALORIMETER 


for measuring heat transfer through cryogenic insulation 


AN IMPROVED calorimeter for measuring apparent 
thermal conductivities of cryogenic insulating materials 
over a wide range of temperatures has been developed 
by an NBS-University of Colorado research team at the 
NBS Cryogenic Engineering Laboratory in Boulder, 
Colo.' The team effort was led by Dr. R. H. Kropshot 
of the Bureau and Prof. Frank Kreith of the University. 
The calorimeter is relatively inexpensive. easy to op- 
erate, and accurate within 5 percent. With this instru- 
ment, accurate measurement of a variety of cryogenic 
insulating materials can be made so that greater under- 
standing may be obtained of the complete heat transfer 
mechanism through the insulating materials. 

The calorimeter will measure heat transfer in the 
steady state through a sample while maintaining the 
temperature of one wall at either 76 °K or 194 °K, or 
at any desired temperature between 273 and 373 °K. 
and the other wall at 4, 20, or 76 °K. Wall tempera- 
tures can be changed without removing or altering the 
sample in any way. 
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The apparatus (see illustration) consists of two 
cylindrical inner vessels placed end to end, and an outer 
one that surrounds them. The space between the inner 
and outer vessels is filled with the insulation under 
investigation. Temperatures of the larger inner ves- 
sel—_the measuring vessel——-and the smaller, or guard. 
vessel are maintained by filling them with the proper 
cryogenic fluid. The temperature of the outer, warmer 
vessel is maintained by immersing it in another fluid at 
the correct temperature. 

The calorimeter maintains steady state conditions for 
a sufficient length of time to enable good thermal 
equilibrium. It minimizes errors due to conduction 
and thermal radiation along the fill and vent tube of 
the measuring vessel, and those due to condensation of 
eas leaving the measuring vessel on the wall of the 
cuard assembly. The apparatus is built to maintain 
high vacuum in the insulation space and allows measure- 
ment of the residual gas pressures in the insulation 
space. 

Seamless copper tubing of 8 in. outside diameter and 
14, in. wall thickness is used for the inner measuring 
and guard vessels. Copper tubing of 10 in. outside 
diameter and 14 in. wall thickness is used for the outer 


Left: Calorimeter developed to evaluate insulation materials. The 
insulation under investigation is placed between the outer shell 
(left) and the inner vessels (right) that are maintained at cooler 


temperatures. Filling, vacuum, and cryogen access tubes ex- 
tend above the inner vessels. Below: Schematic diagram of 
calorimeter. 
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vessel. The measuring and outer vessels are hemi- 
spherically capped on their lower ends. The outside 
radius of the inner vessels is | in. and the inside radius 
of the outer vessel is 47, in., allowing an insulation 
sample space of 7, in. Micarta bumpers are glued to 
the guard vessel to maintain dimensional accuracy of 
the annular insulation space. 

The construction of the measuring vessel, guarded on 
one end by the smaller inner vessel and hemispherically 
capped on the other. permits smooth and continuous 
isotherms throughout the effective area of heat transfer 
through the insulation. This allows accurate calculation 
of thermal conductivity of the insulation under test. 

One possible source of error in a calorimeter of this 
design occurs when the inner and outer cylinders are 
not axially alined. To insure concentric alinement, a 
special alinement port is provided in the outer hemis- 
pherical cap. A pin through this hole is fastened to the 
bottom of the measuring vessel during the time the 


calorimeter is filled with sample insulation. After 
filling, the pin is removed, and the hole sealed vacuum 
tight. With this safeguard and the micarta bumpers on 
the guard vessel, the axial displacement will not exceed 
14g in. so that the maximum possible error due to 
eccentricity is less than one-quarter of one percent. 

Design of the calorimeter is based on the requirement 
that not more than 10 percent of the cryogenic fluid 
evaporate from the measuring vessel during the time 
required for steady state measurement. In tests with 
nitrogen and hydrogen in the measuring vessel, evap- 
oration was safely under the 10 percent requirement 
when cryogenic insulating materials conducting 5 mil- 
lionths of a watt per square centimeter per degree 
Kelvin. or less, were being tested. 


‘A new steady state calorimeter for measuring heat 
transfer through eryogenic insulation. by R. H. Kropshot, 
David R. Beck and Frank Kreith, Advan. Crvog. Eng. 9 
(in press). 


EVALUATION OF DATA FOR 


CRYOGENIC FLUIDS 


\ PROGRAM for correlating experimental data and 
compiling property tables for the cryogenic fluids is 
presently in progress at the Bureau. R. B. Stewart and 
K. D. Timmerhaus reported on this program ' of the 
NBS Cryogenic Engineering Laboratory in Boulder. 
Colo. Thermodynamic properties compiled in the form 
of tables, graphs, and analytical functions for computer 
programming provide data needed for advanced eryo- 
wenic systems design. The tables* are based on the 
existing data which have been extrapolated to higher 
pressures and lower temperatures whenever possible. 

In this program. the best values are first selected. 
These data are then represented by equations from 
which thermodynamic properties may be calculated. 
Fluid characteristics at various pressures. volumes. and 
temperatures are the primary data needed to determine 
the thermodynamic property values. From P-V-T data, 
and some additional specific heat data. the thermo- 
dynamic properties entropy. enthalpy. and_ internal 
energy are readily derived. 

W hen two or more sets of data for the same fluid in 
the same pressure and temperature ranges are available. 
weighted averages are generally taken. which depend 
on the judgement of the evaluator. This procedure as- 
sumes that the data tend to cluster around the correct 
value. Weighting may take into account the reputation 
of the various laboratories and the individual re- 
searcher, as well as the type of experimental apparatus 
used. When a sinele set of data or only a few data 
points exist. a practical evaluation tool is the theory of 
corresponding states which is a means of predicting 
data when only the critical point is known. This 
theory is based on the assumption that the density de- 
pendence on pressure and temperature is similar for 
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fluids of a given class. By applying a suitable reducing 
parameter to scale P-V-T values of a known fluid, such 
as the critical parameters, the theoretical P-V’-T surface 
for an unknown fluid can be calculated. For example. 
a nitrogen P-V-T surface might be assumed comparable 
to that of oxygen, or a surface for argon similar to neon 
when expressed on a comparable scale. 

Another tool for data evaluation is the generalized 
equation of state. This is a mathematical relation 
which may be used for predicting the P-’-T surface of 
a fluid under conditions of pressure. temperature. and 
volume that have not been measured experimentally. 
The generalized equation of state may provide addi- 
tional parameters for allowing variance between fluids 
not generally available with the theory of corresponding 
states. 

\n equation of state with 16 adjustable coefficients 
has been used extensively at the Cryogenic Engineering 
Laboratory for representing the P-V-T data and the 
thermodynamic properties of helium, parahydrogen. 
neon, nitrogen. oxygen. carbon monoxide. and argon. 
However. calculated values obtained by using the equa- 
tion of state are less reliable in the critical region and 
along the critical isometric. 

An indirect benefit of data compilation is the defini 
tion of areas where additional data on cryogenic fluids 
are needed. For example. the present data for normal 
and parahydrogen. and argon appear to be sufficient: 
whereas more experimental data are needed for helium. 
neon. nitrogen. oxygen. and carbon monoxide. 


The correlation of thermodynamic properties of cryo 
venic fluids, by R. B. Stewart and K. D. Timmerhaus. 
dvan. Crvo. Eng. 9 (in press). 
The tables and charts of thermodynamic properties 
are available from the Cryogenic Data Center, NBS, 
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Performance of Point Level Sensors 


THE BUREAU has recently completed an evaluation 
of commercially available liquid hydrogen point sen- 
sors at its Cryogenic Engineering Laboratory in 
Boulder, Cole.' Using a precision testing device de- 
signed and built at the Bureau, the sensors were tested 
for accuracy and consistency under pressure from 2 to 
200 psig. Most of the sensors performed well, some 
measuring the liquid level to within 0.011 in. 

The liquid hydrogen sensor tests were a part of a 
cryogenic instrument evaluation program begun by the 
NBS Cryogenic Engineering Laboratory for the Na- 
tional Aeronautics and Space Administration in 1961. 
In rocket systems, point sensors are used during pro- 
pellant loading to prevent overfill and to control topping 


flow in maintaining the 100 percent fill. Sensors are 
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Left: NBS tests of commercially available liquid hydrogen 
mechanism being tested was secured to the sensor support 
stillwell by means of the actuating mechanism. Right: The 
the indicators into and out of liquid hydrogen. 
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used during flight as fuel-level indicators, for monitor- 
ing and controlling the ratio of fuel and oxidizer to the 
engineer, and, when placed in the intake line to the 
fuel pump, to signal shutdown of an engine before it 
begins to function erratically upon running out of fuel. 

The testing apparatus, designed and built at the 
Cryogenic Engineering Laboratory, moved the sensors 
in and out of liquid hydrogen. Records were made of 
their readings, noting distance traveled in and out of 
the liquid and response time for indicating liquid or 
vas. The sensors were tested for response by cycling 
each in and out of the liquid hydrogen 20 times in quick 
succession. 

The essential parts of the system (see diagrams) in- 
clude the Dewar, the actuating mechanism, and the 
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level sensors were conducted in this apparatus. The 
bracket and eycled into and out of the liquid in the 


* actuating mechanism provides three drives for moving 
Speeds of 


0.001, 0.010, and 23 to 60 ips result from the action 


of the chain drive, worm gear drive, and air cylinder mechanism, respectively. 
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A group of commercially available liquid hydrogen sen- 
sors was attached to this plastic support bracket for test- 
ing at the Bureau. Although one device is tested 

a time, several are attached at once to conserve setup 
time. Most of the commercially available sensors showed 
good response, consistency, and precision. 





instrumentation and control system. The Dewar con- 
sisted of an inner stainless steel pressure vessel. a 
powder-vacuum annulus space, and a carbon steel outer 
shell. Within the Dewar was a welded cylindrical still- 
well open at the top. Liquid hydrogen, transferred in 
through the Dewar bottom, rose along the outside of 
the stillwell and spilled inside. This configuration 
minimized evaporation and undesirable surface per- 
turbation. The Dewar cover plate was penetrated by 
a shaft and seal, ball bushing housing. two optical ports, 
instrumentation leads, and pressure tap. 

The actuating mechanism provided three methods of 
moving the sensors relative to the liquid hydrogen sur- 
face. A worm gear drive was used for shaft movement 
up to 6 in. For the initial positioning of the point 
sensors relative to the liquid surface, a worm gear chain 
drive was employed to move the upper platform as- 
sembly. This platform drive was also used occasionally 
to test the sensors when the band of data points exceeded 
the measurable shaft travel. For rapid cycling of the 
sensors in and out of the liquid, an air cylinder was used 
to move the shaft. Shaft speeds were 0.001. 0.010. 
and 23 to 60 ips for platform drive. worm gear, and air 
cylinder. respect ively ; 

The instrumentation and control system provided for 
remote monitoring. and optical ports allowed visual 
observation of the sensor tests. A 1-in. linear poten- 
tiometer was used to measure shaft position during 
repeatability tests. and a 6-in. linear potentiometer was 
used to measure shaft position during rapid cycling. 
Calibration checks demonstrated the accuracy of the 
shaft measuring system to be within +0.0021 in 

To conserve liquid hydrogen and setup time, several 
sensors were installed in the apparatus at the same time. 
Sensors were selected for testing on the basis of a survey 
of literature. catalog files. and information supplied by 
users of this type of equipment. All units which ap- 
peared promising for measuring liquid hydrogen level 
(17 in all) were tested. 

All of the sensors were of a type which responded to 
a change in one of the physical coefficients at the liquid 


NEARLY 500 scientists and engineers from industry. 
universities. and Government participated in the 1963 
PTGAP International Symposium on Space Telecom- 
munications. held July 9 to 11 at the NBS Boulder. 
Colo... Laboratories. The Bureau’s Central Radio 
Propagation Laboratory was host to the Symposium 
which was sponsored by the Profe ssional Technic al 
Group on Antennas and Propagation of the Institute 
of Electrical and Electronics Engineers. The meetings 


January 1964 


1963 PTGAP SYMPOSIUM 


CALE IN INCHES 


Six different principles of operation 
were used in the sensors tested. A resistive type * in- 
creased current flow when cooled in liquid hydrogen. 
\ capacitive type sensed the cinealie dielectric effect 
of gaseous to liquid hydrogen to increase capacitance 
when immersed. An optic -al type utilized the refractive 
index of liquid hydrogen. Piezoelectric and magne- 
tostrictive types used acoustical i impedance. A vibrator 
type used the difference of viscous damping between 
vapor and liquid hydrogen. With the exception of 
some piezoelectric types (which proved fragile). all 


vapor interface. 


operated satisfactorily and appeared to be adaptable to 
aerospace liquid hydrogen systems. 


*The performance of point level sensors in liquid hy- 
drogen, by D. A. Burgeson, W. G. Pestalozzi, and R. J 
Richards, Advances in Cryogenic Engineering 9 (in 
press). 

Carbon resistors for cryogenic liquid level measure 
ment, by R. C. Muhlenhaupt and P. Smelser, NBS Tech. 
Note 200 (Oct. 9, 1963), available from the Superin 
tendent of Documents, U.S. Government Printing Office, 
Washington, D.C., 20402. Price, 25 cents. 


were arranged to provide opportunity for exchange of 
information and ideas concerning the most recent de- 
velopments in the field of antennas and propagation. 
particularly those related to problems of communication 
in the space age. 

The technical program, under the chairmanship of 
H. V. Cottony (NBS Boulder), consisted of 63 papers 
presented in 9 technical sessions and dealing with space 
telecommunications, propagation, feeds and reflectors, 
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surface waves, broad-band antennas, aperture synthesis. 


electromagnetic theory, arrays, and plasmas. Papers 
were chosen to obtain a broad coverage of each field 
from the standpoint of both applications and _ basic 
research. Among the more interesting and important 
topics covered were communications satellite design. 
topside sounding as a tool for global ionospheric studies. 
wide- freque ncy-band antenna design, and _ theoretical 
and experimental determinations of plasma effects on 
radio propagation. 

Satellite-borne instrumentation and other apparatus 
for probing the upper atmosphere have supplied facts 
about the earth’s surroundings which will affect all 
future developments in the field of radio propagation. 
Communication over the vast distances of space and the 
possible uses of such devices as TELSTAR offer both a 
challenge and a stimulus to scientists and engineers 
working in the field of radio propagation today. The 
Technical Program of the PTGAP Symposium was 
planned to help provide answers to some of the questions 
posed by communication in the space age. 

The Symposium was opened with an address by 
RusseELt B. Scott, A/anager of the Boulder Labora- 
tories. who was introduced by the Conference Chairman. 
Jack W. Hersstreit (NBS Boulder). Mr. Scott com- 
mented on the relatively recent emergence of radio 
propagation as a field for scientific study and the still 
more recent extension of radio techniques to space study 
and exploration. He described the wave propagation 
studies at the Bureau and stressed the need to gain 
competence in using space as a communication path. 

At a dinner meeting on July 9, Dr. S. A. BownitLe. 
past chairman of PTGAP, introduced the new PTGAP 
officers: they are Dr. R. C. HANSEN ( Aerospace Corp.). 
chairman; Dr. W. E. Gorpvon (Cornell University). 
vice chairman; and P. E. Mast (ITT Kelloge). 
secretary-treasurer. Dr. Hansen then presented Dr. 
CHARLES I. BEarD (Boeing Co.) with the PTGAP award 


R. W. White of the British Post Office Engineering De- 
partment, R. C. Hansen (Session Chairman) of Aero- 
space Corp., J. W. Herbstreit (Symposium Chairman), 
and A. C. Wilson (Symposium Treasurer), both of the 


NBS Boulder Laboratories, discuss the Technical Pro- 
gram before the opening of the PTGAP Symposium. 





for the best paper of 1962, “Statistics of Phase Quad- 
rature Components of Microwave Fields Transmitted 
Through a Random Medium.” Dr. Beard also received 
the John T. Bolljahn Memorial Award. 

Space telecommunications. The first technical ses- 
sion, on space telecommunications, was presided over 
by Dr. Hansen. Its scope and coverage were in keep- 
ing with the theme, extending from communication 
satellites to tropospheric communication in the lower 
atmosphere. Papers and discussion dealt with passive 
communication satellites, self-erecting space antennas, 
determination of extraterrestrial intensity of cosmic 
radio noise, radiometers for space communications re- 
ceivers, a topside ionospheric sounder, calculation of 
tropospheric absorption and noise temperature in a 
standard atmosphere, and thermal noise emission in the 
troposphere. 

R. W. Waite (United Kingdom Post Office Engi- 
neering Department) presented a paper on the features 
of the Goonhilly Radio Station antenna in experimental 
operation with the TELSTAR and RELAY satellites. 
He noted especially the critical differences between the 
Goonhilly station and the U.S. Andover station. Mr. 
White also discussed system performance on television 
and multichannel telephony tests, reception at low ele- 
vation angles, and multiple transmission via satellite. 

Propagation. The session on propagation, under 
the chairmanship of Dr. C. G. Lirrte (NBS Boulder). 
dealt with radio communication using the greater part 
of the ri idiofrequency spectrum and from ground level 
to 25.000 ft in height. Microwave propagation over 
a mountain diffraction path, equatorial ionospheric 
anomalies. airborne television broadcasting, magneto- 
ionic theory extension, tropospheric relay links, and 
parameters affecting field strength were discussed. 

Feeds and reflectors. The session on feeds and re- 
flectors, conducted by Dr. J. Ruze (MIT-Lincoln Lab- 
oratories). took up theoretical and practical aspects of 
antenna engineering. A wide variety of antenna types 
and techniques for best operating results was covered. 
Specific topics were a polarizer using photoetched sheets 
on a honeycomb core: a horn-c duster antenna; an elec- 
tronically steerable antenna feed having an extremely 
high gain for deep-space communication; an improve d 
sphe rical reflector antenna: a high-efficiency, low-noise 
antenna feed system: and a synthesis method for de- 
signing dual reflector antenna systems with an arbitrary 
phase and amplitude distribution in the ae of the 
second reflector. 

Surface waves. Presided over by Dr. A. A. — 
(Brooklyn Polytechnic Institute). the session on sur- 
face waves was primarily concerned with theoretical- 
mathematical approaches to problems in antenna design 
and operation. The Brillouin (k-B) diagram was ap- 
plied to helical antennas, to broadside scanning anten- 
nas, and in determining amplitude and phase character- 
istics of waves in uniform periodic arrays of monopoles. 
In addition. papers and discussion covered the cavity 
method of treating artificial dielectrics and electro- 
magnetic surface waves, a determination of transition 
region fields for electromagnetic boundary value prob- 
lems, and millimeter antenna requirements. 
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Broad-band antennas. The session on broad-band 
antennas, presided over by Pror. V. H. Rumsey (Uni- 
versity of California, Berkeley), offered discussion of a 
wide variety of antennas and the design parameters 
and performance data that are of use when a broad- 
band antenna is required. Antenna types discussed 
were spherical; uniform periodic monopole arrays: a 
novel log- per iodic monopole array: conical logarithmic 
spiral; series-fed, log-periodic, folded dipole array; and 
low-height “wire slot” antennas. 

Aperture synthesis. Ape rture synthesis is essen- 
tially a matter of determining the current distribution 
required to obtain a desired radiation pattern. Papers 
and discussion, under the chairmanship of H. A. 
WHEELER (Wheeler Laboratories, Inc.), covered de- 
sign of linear arrays of isotropic sources and dipoles: 
power pattern synthesis; the optimum source for best 
approximation to a given radiation pattern: dynamic 
characteristics of a focused antenna; Fresnel zone 
diffraction effects at 50 Ge/s: wide-angle radiation due 
to rough phase fronts; and characteristics of a short- 
pulse, oblique radar cross-section range. 

Electromagnetic theory. The session on electro- 
magnetic theory, held under the chairmanship of Dr. 
L. B. Fetsen (Brooklyn Polytechnic Institute), was 
concerned with the electromagnetic theory underlying 
a large part of all radio propagation. Papers and dis- 
cussion covered a line source image for a Hertz dipole 
above a plane earth, formulation for scattering by 
loaded objects, backscattering of electromagnetic waves 
by inhomogeneous plasma wakes, oblique propagation 
of radio waves across a coastline with a sloping beach, 
the terminated insulated antenna in a conducting medi- 
um, leaky waves supported by uniaxial plasma layers. 
and an introduction to lambda functions and trans- 


forms as related to more commonly known functions 
and transforms. 

Arrays. Pror. J. L. ALLEN (MIT-Lincoln Labora- 
tories) acted as chairman of the session on arrays, 
which included papers and discussion on high-resolu- 
tion antenna arrays of randomly spaced elements. 
broadbanding arrays by unequal spacings, dynamic 
programming to design thinned antenna arrays having 
unequal spacings, wide-angle i impedance-matching for a 
phased array, compensation coupling between elements 
in array antennas, the large 50-Mc/s dipole array at 
the Jicamarca (Peru) Radio Observatory, and elec- 
tronic scanning for large radiotelescopes. 

Plasmas. This session, presided over by Dr. J. R. 
Wait (NBS Boulder), was concerned with some of the 
more theoretical aspects of radio propagation. The 
scope of the papers ranged over a wide portion of the 
field, including radiation resistance of electrical dipoles 
in a magnetoionic medium and in a magnetoplasma. 
interaction of a radiating source with a plasma in pro- 
ducing both electroacoustic and electromagnetic waves. 
radiation from a directional antenna in an isotropic 
half-space, free-space microwave measurements of 
plasma — rties, and radiation from an electromag- 
netic source in half.- space of compre ‘ssible plasma. 

Gontlcnauat word summaries of the papers deliv- 
ered at the Symposium are contained in the Program 
and Digest of the Symposium. The complete papers 
will not be published in a single volume, but some will 
appear in the PTGAP Transactions. 


*The Digest of the 1963 International Symposium on 
Space Telecommunications may be obtained at a cost of 
$4.50 from Mr. A.C. Wilson, Symposium Finance Com- 
mittee Chairman, National Bureau of Standards, Boulder 
Laboratories, Colo. Make checks payable to: 1963 
PTGAP International Symposium. 








Dr. ALLEN V. 
1963 Rockefeller Public Service 
established 
careerists. 


Astin. NBS Director. has received 
\ward—a privately 
award to senior Government service 

Dr. Astin and four other civilians, representing five 
important categories of public service, were presented 
with the awards at a luncheon in Washington on 
December 5, 1963. 
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Astin Receives 





Rockefeller Award 


Selected from among hundreds of nominations made 
by past and present employees of the Federal Govern- 
ment and executives outside the Federal Service, ihe 
winners are all “senior career employees who have 
made outstanding contributions to the Nation through 
their work.” They will receive cash awards of $5,000 
each to enable them, though they are not required to do 

. to make available to others some of the knowledge 
cali in their years of service through writing, lectur- 
ing. or consulting. Such projects are also eligible for 
further grants so that the winners may make their 
contributions at no personal financial sacrifice. 

2] 


_ 





The Rockefeller public service awards are made pos- 
sible through a fund contributed by John D. Rocke- 
feller III, and administered as a national trust by 


Princeton University. In announcing the awards, Dr. 
Robert F. Goheen, President of Princeton said. “Col- 
lectively, these five men have served us all with in- 
telligence, devotion. and outstanding achievement fo 
over 130 years. The public’s debt to them and the 
thousands of others in the career services of the Federal 
Government is deep indeed.” 

In addition to Dr. Astin’s award for Science, Tech- 
nology, and Engineering, the other winners are: 


Eucene W. Weser, Deputy Director of Civil Works 





for Policy, Corps of Engineers—award in the field 


of administration. 


Henry Loomis, Director. International Broadcasting 
Service (Voice of America). United States Infor- 
mation Agency—award in the field of foreign af- 
fairs or international operations. 

Carw M. Marcy, Chief of Staff. Committee on Foreign 
Relations, U.S. Senate—award in the field of law. 
legislation, or regulation. 

GABRIEL OTTO WESSENAUER,. Manager of Power, Ten- 
nessee Valley Authority—award in the field of the 
general welfare or national resources. 


Fano and Mockler Receive 1963 Stratton Awards 


Dr. Ugo Fano and Dr. Richard C. Mockler have 
been named to receive the 1963 Samuel Wesley Stratton 
Awards of the National Bureau of Standards. Dr. 
Fano is an Assistant Director and Senior Research 
Fellow. Dr. Mockler is Chief of the Atomic Frequency 
and Time Interval Standards Section at the NBS Boulder 
(Colo.) Laboratories. 

The Stratton Award, founded in 1960 and awarded 
first in 1962. is named for the Bureau’s first Director 
It was established to recognize outstanding individual 
scientific or engineering achievement in support of the 
NBS mission by a member of the staff. The two re- 
cipients will each be presented with a bronze plaque 
and a $1.500 honorarium. 

Dr. Fano’s selection is based on his profound in 
fluence on the field of atomic physics through his pet 
sonal scientific creativity and through his stimulation 
of many others at the Bureau. Dr. Fano has developed 
a workable method for approximating the results of 
the interaction of an impacting electron or photon with 
Prior to this 
development. only cases involving one-electron. hy 
drogenlike collision phenomena could be treated 
theoretically. More complex interactions had to be 
studied on a case-by-case basis with difficult and ex 
In addition to providing atomi: 


the many electrons of a complex atom. 


pensive experiments, 
science with a powerful theoretical tool. Dr. Fano’s 
insights suggested a wealth of new approaches to ex- 


perimental atomic physics. and have provided an 
the development of 


important basis for radiation 


standards. 





Fano 
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Dr. Mockler’s selection is based on his outstanding 
achievements in leading the NBS atomic frequency and 
time standards program. When Dr. Mockler took over 
the Bureau program nine years ago, it lagged behind 
those of other organizations. Through his leadership 
he restored the Bureau to world stature in atomic fre- 
quency and time interval standards, and the accuracy 
of the U.S. frequency standard has been increased 
from about one part in 10° to about one part in 10". 
In 1962. NBS staff members, working under his direc- 
tion, placed into operation a highly accurate atomic 
time scale. In view of the impending (possibly in 
1964.) redefinition of the international unit of time in 
standard, Dr. Mochler’s work as- 
sumes an even greater importance. He also has made 
significant scientific contributions to the field of micro- 
wave spectroscopy. and is mainly responsible for a 
novel and important experiment for measuring the 
speed of gamma rays. 

Dr. Fano joined the Bureau in 1946. and became 
Chief of the Nuclear Physics Section when it was formed 
in 1949. In 1956. Dr. Fano received a Rockefeller 
Public Service Award for the purpose’of writing a book 
on quantum physics for nonphysicists. The book. 
Basic Physics of Atoms and Molecules, explains funda 
mental concepts of classical and modern physics in 


terms of an atomic 


terms that scientists working in other fields can readily 
He has authored numerous other publi- 
In 1957 he was awarded the Com 


understand. 
cations in his field. 
merce Department’s Exceptional Service Gold Medal 
for his “outstanding scientific accomplishment in the 





Mockler 
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development of radiation theory.” In 1961, he be- 
came one of the first Senior Research Fellows at the 
Bureau. The Senior Research Fellow program was 
established to afford distinguished scientists, usually 
selected from the NBS staff. an 5 gigas for individ- 
ual. research or consultation of a broad nature not 
falling primarily within the of a particular 
scientific division at the Bureau. 

Born in Torino, Italy in 1912. Dr. Fano received his 
Doctor of Science from the University of Torino in 
1934. After graduation he worked in Rome under 
Professor Enrico Fermi, and later held a fellowship at 
the University of Leipzig under Professor Werner 
Heisenberg. Dr. Fano came to the United States in 
1939. serving first as a research associate at the Wash- 
ington Biophysic ‘al Institute. From 1940 until he came 
to the Bureau in 1946, he worked with Dr. Millislav 
Demerec in genetics and radiobiology at the Carnegie 
Institution of Washington. He is a Fellow of the Amer- 
ican Physical Society, a member of the Radiation Re- 
search Society. and is affiliated with several other 
scientific associations. 

Dr. Mockler has been a Bureau staff member since 
1954, and was assigned responsibility for the atomic 


kite 


Simultaneous Fitting 


\ SYSTEMATIC procedure for simultaneously fit- 
ting a family of curves to experimental data dependent 
on two variables has been developed at the Bureau. 
This procedure is especially useful in situations in which 
the functional relation to be fitted is not necessarily a 
polynomial in the two variables. 

To illustrate the advantages of the method,’ John 
Mandel and F. L. McCrackin, who devised it. applied it 
to two sets of data. Because this approach makes 
explicit use of the interrelations among the curves. use 
of fewer than one-third of the available data in one set 
gave a fit only slightly less precise than that obtainable 
with all the data in this set by the commonly used pro- 
cedure of fitting the curves separately. Furthermore. 
the NBS approach can be used to interpolate in terms 
of both variables, since it essentially fits a surface in 
three-dimensional space rather than individual plane 
curves. 

Many relations of scientific interest can be character- 
ized as families of curves. A typical example is an 
equation of state, relating pressure. volume. and tem- 
perature. For any given value of volume. the equation. 
if known, would yield a curve expressing pressure as 
a function of temperature. By varying the volume, one 
could obtain a family of such curves. Generally. the 
equation of state is not known a priori, so that the 
problem is to find—on the basis of a carefully planned 
series of experiments—a mathematical expression rep- 
resenting the equation. Examples of a similar kind 
occur frequently in many areas of scientific research. 

One approach often made to the problem is to fit each 
curve of the family individually to the corresponding 
data on the basis of an equation derived from theory 
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frequency and time interval standards project in July 
1955. In 1961, he was awarded the Commerce De- 
partment’s Exceptional Service Gold Medal for “leader- 
ship and personal technical contribution of the highest 
order in the achievement of a frequency and time 
interval standard of previously unattained accuracy, 
one which has brought the U.S. frequency standard to a 
level of accuracy and precision belie ved to exceed any 
other similar standard in the world.” 

Born in Middletown, Ohio, in 1925, Dr. Mockler re- 
ceived a B.S. in chemistry with honors from 
Nantiiewis mn University in 1948, an M.S. in chemistry 
from the University of Chicago in 1950, and a Ph. D. 

ir: physics from Duke University in 1954. From 1952 
53 he held a postdoctoral fellowship at Columbia Uni- 
versity, where he engaged in research in the microwave 
spectroscopy of molecular fragments with short life- 
times. He taught physics at the University of Kentucky 
for one year, and spent three years with the Army Air 
Forces during World War II. 

Dr. Mockler is a member of the American Physical 
Society and the Scientific Research Society of America 
(RESA). He is the author of many publications in 


his field. 


decree 


of a Family of Curves 


or using a polynomial whose degree depends on the 
shape of the curve and the precision of the data. The 
method of least squares provides an objective fitting 
procedure once the degree of the polynomial has rex 
selected: it has therefore become commonly used i 
such work. 

However. an individual curve-fitting procedure fails 
to utilize the interrelations necessarily existing among 
the curves of a family. Multiple regression (least 
squares) methods are available for fitting a function of 
variables, but application of the method of 
least squares requires that some specific functional form 
be selected prior to fitting so that one can estimate the 
unknown parameters and evaluate the adequacy of the 
fit in terms of the residuals (i.e.. the differences be- 
tween the observed and calculated values). The user of 
this method has no assurance that a much better fit 
might not-be achieved if an entirely different functional 
form used. Also, if the fit is inadequate, the 
method of least squares yields little, if any, informa- 
leading to the a more appropriate 
model. 

In the present method, developed at the Bureau, each 
of the functions in the mathematical expressions that 
describe the curves depends on only one variable. The 
mathematical form of each of these functions is left 
open in the initial fitting process, and the adequacy 
of the initial fit is judged without specifying the nature 
of any of the functions. 

In the case of an equation of state, for example, the 
data can be so arranged in a table that rows represent 
specific volume V, columns represent temperature 7’, 
and the entries in the table are measured values of 
pressure P. The NBS method relates the data in each 


two or more 


were 


tion se lection of 
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row to the column averages. 
the type 


If the equation is of 


P=f(V) + gV)h(T) 


where the functions f, g, and h may be of any form 
provided each depends on only one variable (in this 
case, volume or temperature), the plot of the entries 
in any row against the corresponding column averages 
will yield a straight line. The intercepts and slopes of 
the set of lines obtained from all the rows are related 
to the f and g functions, and these functions can there- 
fore be estimated from plots of the slopes and intercepts 
as functions of volume. The function h(7’) is estimated 
by plotting the column averages against the temperature 


values. The problem thus has been reduced to that of 
fitting three one-variable functions—/(V), g(V), and 
h(T)—regardless of the number of curves in the 
family. Thus, the fitting is accomplished in two stages. 


In the first stage, the measured value is expressed in 
terms of unspecified general functions. In the second 
stage. these functions are estimated in terms of the two 
independent variables. 

In some cases, the procedure fails to yield straight 
lines. When this ee ns. the addition of a quadratic 
term, of the type [A(7') | *, often provides a satisfactory 
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Specific volume of vulcanized rubber 


Temperature, °C 
Pressure 


21.0 38.5 50.2 64.0 81.5 
atm 
1 : 0. 93397 0. 94143 0. 94826 0. 95639 0. 96667 
1,000 . 91678 . 92204 . 92673 93344 . 94077 
2,000 . 89941 . 90189 . 90464 90953 - 91360 
3,000 . 88447 . 88645 . 88880 . 89231 . $9436 
Column average . 90866 . 91295 .91711 . 92292 . 92885 


fit to the data. The prenatal then consists in fitting 
a second-degree polynomial to the data of each row, 
using the column average as the independent variable. 
This was actually done for the data of the first illustra- 
tive example, the equation of state of ethylene. For the 
second example, dealing with the compression of vul- 
canized rubber, the linear form was sufficient in terms 
of the precision of the measurements. A FORTRAN 
program has been written to fit data to linear or quad- 
ratic models on the 7090 computer. 


‘For further details, see Analysis of families of curves, 





John Mandel and Frank L. McCrackin, J. Res. NBS 
67A (Phys. & Chem.), No. 3, pp. 259-267 (May-June 
1963). 
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OLUMN AVERAGE (see table) 


A systematic curve-fitting procedure applicable to experimental data dependent on two variables has been developed 


at the Bureau. 


As an illustration of the approach underlying the proposed method, 


the data of the table below. 


which represent the specific volume of vuleanized rubber at four pressures and five temperatures, are presented 


as a family of curves (/e/t). 
temperature range. 
is obtained. 
and a comparison of the column averages of the 
representation ¢ 
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It is seen that specific volume is not a linear function of temperature over the entire 
When the same values are plotted against the column averages (right), a set of straight lines 

From a comparison of the slopes and intercepts of the lines in (b) with the corresponding 
table with the corresponding temperatures, a complete 
‘an be derived for the dependence of specific volume on both pressure and temperature 


pressures 
empirical 
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Publications of the National Bureau of Standards 


Periodicals 


Technical News Bulletin, Vol. 47, No. 12, December 1963. 15 
cents. Annual subscription: $1.50; 75 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 

CRPL lonospheric Predictions for March 1964. Three months 
in advance. Number 12, issued December 1963. 15 cents. 
Annual subscription: $1.50; 50 cents additional for foreign 
mailing. Available on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards. 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4: foreign, $4.75. 
Section B. Mathmatics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 


92.60. 

Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 

Section D. Radio Science. Issued monthly. Annual sub- 
scription: Domestic, $9: foreign, $11.50. 


Current Issues of the Journal of Research 
Radio Sci. J. Res. NBS/USNC-URSI, Vol. 68, No. 1, Jan. 1964. 


Comparison of observed VLE attenuation rates and excitation 
factors with theory. A. D. Watt and R. D. Croghan. 

Field intensity measurements at 10.2 ke/s over reciprocal 
paths. J. C. Hanselman, C. J. Casselman, M. L. Tibbals, 
and J. E. Bickel. 

The propagation of VILF waves over distances between 1000 
and 3000 km. B. Burgess. 

Some experimental results concerning nonreciprocal east-west 
VLF wave propagation. BB. Burgess. 

An experimental study of the phase stability of VLF signals. 
DD. Ek. Hampton. 

Some particular observations on diurnal phase variations of 
VLF transmission received in Paris. B. Decaux and A. 
Gabry. 

Periodic fading of VLF signals received over long paths dur- 
ing sunrise and sunset. |). D. Crombie. 

Effects of wall perturbations in multimode waveguides. S. W. 
Maley and E. Bahar. 

VLF Utilization at NASA satellite tracking stations. C. H. 
Looney, Jr. 

Long waves associated with disturbances produced in plasmas. 
H. Bremmer. 

Some remarks on the Watson transformation and mode the- 
ory. L. A. Berry. 

Concerning limitations and further corrections to geometric- 
optical theory for LF/VLF propagation between the iono- 
sphere and the ground. J. R. Johler. 

Some remarks on mode and ray theories of VLF radio propa- 
gation. J. R. Wait. 

Two-dimensional treatment of mode theory of the propaga- 
tion of VLF radio waves. J. R. Wait. 

Reflection of electromagnetic waves from a lossy magneto- 
plasma. J. R. Wait and L. C. Walters. 

Propagation of ELF waves below an inhomogeneous aniso- 
tropic ionosphere. J. Galejs and R. V. Row. 

VLF propagation under the ionosphere in the lowest mode 
of horizontal polarization. H. A. Wheeler. 

Propagation of VLF waves under disturbed conditions. B. 
Burgess. 

\VLF disturbances caused by trapped beta-rays from the decay 
of neutrons produced in high-altitude nuclear explosions. 


A. J. Zmuda, B. W. Shaw, and C. R. Haave. 


VLF anomalies observed at State College, Pa., during the 


U.S. 1962 high-altitude nuclear tests. C.F. Sechrist. 


Other NBS Publications 


Calibration and test services of the National Bureau of Stand- 


ards, NBS Misc. Publ. 250 (Nov. 22, 1963), 70 cents. 


Bibliography on ignition and spark-ignition systems, G. F. 
Blackburn, NBS Mise. Publ. 251 (Nov. 22, 1963), 15 cents. 


(Supersedes NBS Circular 580.) 
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Publications in Other Journals 


This column lists all publications by the NBS staff, as soon 
ajter issuance as practical. For completeness, earlier refer- 
ences not previously reported may be included from time to 
time. 


Infrared transmission of the atmosphere to solar radiation, 
D. M. Gates and W. J. Harrop, Appl. Opt. 2, 887-898 (Sept. 
1963). 

The error rate in a multiple-frequency shift system and the 
output signal/noise ratio in a frequency modulation and a 
pulse-code-modulation/frequency-shift system, H. Akima, 
Intern. Conf. Satellite Communication, London, Nov. 22-28, 
1963, pp. 305-309 (Programme and Conference Digest, Lon- 
don, England, 1963). 

Synoptic variations and vertical profiles of large-scale iono- 
spheric irregularities, R. G. Merrill, R. S. Lawrence, and N. J. 
Roper, J. Geophys. Res. 68, No. 19, 5453-5459 (Oct. 1, 1963). 

Excitation of the red and green coronal lines, C. Pecker and 
R. N. Thomas, Ann. Astrophys. 25, No. 2, 100-108 (1962). 

Some topics in quantum statistics. The Wigner function and 
transport theory, H. Mori, 1. Oppenheim, and J. Ross, Book, 
Studies in Statistical Mechanics, ed. DeBoer and Uhlenbeck, 
I, Pt. C, 218-298 (North Holland Publ. Co., Amsterdam, The 
Netherlands, 1962). 

Normal congruence subgroups of the tt modular group, 
M. Newman, Bull. Am. Math. Soc. Res. Announcement 69, 
No. 5, 719-720 (Sept. 1963). 

Thermodynamic study of the thorium phosphide with a mass 
spectrometer, J. Efimenko and K. A. Gingerich, Proc. Symp. 
Thermodynamics of Nuclear Materials, Vienna, May 21-25, 
1962, pp. 477-486 (International Atomic Energy Agency, 
Vienna, Austria, Sept. 1962). 

Radiation impedance of a source near reflectors, R. V. Water- 
house, J. Acoust. Soc. Am. 35, No. 8, 1144-1151 (Aug. 1963). 

Low energy levels of neutral cerium (Ce 1), W. C. Martin, 
J. Opt. Soc. Am. 53, No. 9, 1047-1050 (Sept. 1963). 

\ study of stress relaxation with finite strains, B. Bernstein, 
E. A. Kearsley, and L. J. Zapas, Trans. Soc. Rheol. VII, 391 
110 (1963). 

The energy environment in which we live, D. M. Gates, Am. 
Scientist 51, No. 3, 327-348 (Sept. 1963). 

Evidence for field-alined ionization irregularities between 400 
to 100 km above the earth’s surface, T. E. VanZandt, W. Cal- 
vert, R. W. Knecht and G. B. Goe, Third Intern. Space Sci. 
Symp. Proc... Washington, D.C.. May 2-8, 1962, pp. 271-273 
(John Wiley & Sons Inc., New York, N.Y., 1962). 

Studies in the geomagnetic micropulsation frequency range, 
W. H. Campbell, IEEE Intern. Cony. Record i1, Pt. 9, 25-28 
(Mar. 25-28, 1963). 

Determination of the electronic energy levels of molecules by 
low energy electron impact spectroscopy, J. A. Simpson and 
S. R. Mielezarek, J. Chem. Phys. Letter 39, 1606 (1963). 

Experimental evaluation of a thallium beam frequency standard, 
R. E. Beehler and D. J. Glaze, Proc. 17th Annual Frequency 
Control Symp. (1963). 

Gas-phase radiolysis of n-butane, R. P. Borkowski and P. J. 
Ausloos, J. Chem. Phys. 39, No. 3, 818-824 (Aug. 1, 1963). 

Temperature control of the structure and variations of the quiet 
ionosphere, J. W. Wright, Proc. Intern. Conf. Ionosphere, July 
1962, pp. 19-25 (Institute of Physics and the Physical Society, 
London, England, 1963). 

Some factors affecting the creep behavior of an age-hardenable 
alloy, W. D. Jenkins and W. A. Willard, Trans. Quart. ASM 
56, No. 3, 427-441 (Sept. 1963). 

\ note on contingency tables involving zero frequencies and the 
21 test, H. H. Ku, Technometrics 5, No. 3, 398-400 (Aug. 
1963). 

Wilmer Souder, pioneer in dental research, G. C. Paffenbarger, 
N.Y. J. Dentistry 33, No. 5, 191-192 (May 1963). 

Measurement of weak magnetic fields by optical pumping meth- 
ods, P. L. Bender, Bull. Ampere 9°, Pt. II, 621-628 (1960). 

Equatorial electron density profiles to 5000 KM, using the 
incoherent scatter technique, K. L. Bowles, Third Intern. 
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Publications (Continued ) 


Space Sci. Symp. Proc. Washington, D.C., May 2-8, 1962, 
pp. 253-264 (John Wiley & Sons, Inc.. New York, N.Y.. 
(1963). 

Physical measurements and experiment design, W. J. Youden, 
Scuola Azione No. 10. 181-200 (Scuola de Studi Sugli Idro 
carburi, San Donato Milanese, Italy, 1961-1962). 

Strain release in complete dentures, J. B. Woelfel. G. C. Paffen 
bareer, and W. T. Sweeney, J. Am. Dental Assoc. 67, No. 2, 
321 (Aug. 1963). 

Questions of general background and methodolgy relating to 
aerodynamic phenomena in stellar atmosphere, J. C. Pecker 
and R. N. Thomas, [Il Nuovo Cimento Suppl. 22, No. X, Pt. I, 
1-43 (1961). 

Observation on reference electrodes for fused-salt systems, M. A. 
Reid and J. A. Lloyd, Rev. Sci. Instr. 34, No. 8. 940-941 
(Aug. 1963). 

Primary processes in the photolysis of ethyl nitrate, R. E. Reb 
bert, J. Phys. Chem. 67, No. 9, 1923-1925 (Sept. 1963) 

High-field liquid H:-cooled aluminum-wound magnet, J. R. Pur- 
cell and E. G. Payne. Rev. Sci. Instr. 34, 893-897 (Aug. 
1963). 

Complicating factors in the gas phase photolysis of azomethane. 
R. E. Rebbert and P. J. Ausloos, J. Phys. Chem. 67, No. 9, 
1925-1928 (Sept. 1963). 

Use of transistors in Van de Graaff source leak controls, A. C. B. 
Richardson and L. Costrell, Nuclear Instr. Methods (letter to 
editor) 24, No. 1, 129-130 (July 1963). 

The formulation of F.D.1. specifications, G. C. Paffenbarger. 
Intern. Dental J. 13, No. 1, 133-134 (Mar, 1963). 

The F-region seasonal anomaly, J. W. Wright, J. Geophys. Res. 
68, No. 14, 4379-4381 (July 15, 1963). 

Three-body bound state in He‘, J. M. Blatt. J. N. Lyness, and 
S. Y. Larsen, Phys. Rev. 131, No. 5, 2131-2132 (Sept. 1, 
1963). 

Effect of hydrostatic pressures on the crystallization kinetics of 
natural rubber, G. M. Martin and L. Mandelkern, J. Appl 
Phys. 34, No. 8, 2312-2317 (Aug. 1963). 

The redefinition of the second and the velocity of light. G 
Hudson and W. Atkinson, Phys. Today 16, No. 5, 30-32 
36 (May 1963). 

The shifts and widths of some stark broadened oxygen lines in 
an are plasma, W. L. Wiese and P. W. Murphy, Phys. Rev 
131, 2108 2115 (Sept. 1. 1963). 

Momentum autocorrelation functions and energy transport in 
harmonic crystals containing isotopic defects. R. J. Rubin. 
Phys. Rev. 131, 964 (1963). 

The ionization constants of o-nitrophenol and 4-nitro-m-cresol 
from 5 to 60°, R. A. Robinson and A. Peiperl, J. Phys. Chem 
67, 1723 (1963). 

Recent developments in neutron source standardization, R. S. 
Caswell, R. H. Noyce. S. B. Garfinkel, and E. R. Mosburg, Jr. 
(Proc. Symp. Neutron Detection, Dosimetry and Standardiza 
tion, International Atomic Energy Agency, Atomic Energy Re 
search Establishment. Harwell, England. Dee. 10-14. 1962). 
Book, Neutron Dosimetry [I], 547-555 (International Atomic 
Energy Agency, Vienna, 1963). 

Cyclotron resonances in slightly ionized gases, F. Fehsenfeld. 
J. Chem. Phys. 39, No. 7, 1653-1661 (Oct. 1. 1963). 

Some physical properties of organic denture base materials, 
J. B. Woelfel, G. C. Paffenbarger, and W. T. Sweeney, J. Am. 
Dental Assoc. 67, 489-504 (Oct. 1963). 


Dependence of power output of a gas laser on the length and 
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rate of excitation of the discharge, J. A. White, Appl. Phys. 
Letters 3, No. 7, 107-109 (Oct. 1, 1963). 

Shifts and widths of some Stark-broadened oxygen lines in an 
are plasma, W. L. Wiese and P. W. Murphy, Phys. Rev. 
131, No. 5, 2108-2115 (Sept. 1963). 

lhe adsorption of methane and nitrogen on silica gel, synthetic 
zeolite, and charcoal, A. J. Kidnay and M. J. Hiza, J. Phys. 
Chem. 67, No. 1725, 1725-1727 (1963). 

Studying the lunar tidal variation in the D region of the iono- 
sphere by means of very-low-frequency phase observations, 
\. H. Brady and D. D. Crombie, J. Geophys. Res. 68, No. 
19, 5437-5442 (Oct. 1, 1963). 


The following papers were published in Proc. Mountain States 
Vavy Research and Development Clinic, Raton, N. Mex., Sept. 
28-29, 1961 (Raton, Communications and Electronics Founda- 
tion, 1963): 


Recent progress in cryogenic engineering, R. B. Scott, pp. 
D1—-D4. 

Remarks presented at panel discussion on modulation, J. L. 
Auterman, pp. Al31—A132. 

Predicting the performance of tropospheric communication 
links singly and in tandem, A. P. Barsis, K. A. Norton, and 
P. L. Rice, pp. A71-A104. 

Required signal-to-noise ratios, carrier power, and bandwidth 
to achieve a given performance for multichannel radio com- 
munication systems, E. R. Florman and J. J. Tary, pp. 
(135-A140. 

VLF propagation, W. L. Taylor and A. G. Jean, pp. A45—-A66. 

Millimeter wave research at the National Bureau of Standards, 
R. W. Zimmerer, pp. AL09—-A112. 

Some low temperature properties of materials, R. H. Kropschot, 
pp. D5 D6. 

(Aspects of radio meteorology, J. D. Horn, pp. C51—C56. 

Problems and prospects in electrical properties of materials, 
J. L. Dalke, pp. D7-D14. 

Noise in VLF to HF bands and prediction of communication 
reliability, W. Q. Crichlow. pp. A67—A70. 

Signal-to-noise characteristics of some typical systems and their 


comparisons. H, Akima, pp. Al25-A130. 


Publications for which a price ts indicated are available by 
purchase from the Superintendent of Documents, Government 
Printing Office, Washington, D.C., 20402 (foreign postage. one- 
fourth additional). Reprints from outside journals and_ the 
VBS Journal of Research may often be obtained directly from 
the authors. ; 

Patents 


The following U.S. Patents have recently been granted on 
VBS inventions and, except as noted, are assigned to the 
United States of America as represented by the Secretary of 
(Commerce. 


>, 100,912 
paratus. 
Hutton. 

3.106.709 October 8, 1963. Atmospherics direction-finding 
system. Gifford Hefley, Robert F. Linfield, Thomas L. Davis. 
and Robert H. Doherty. (Air Force.) 

3,107,308 October 15, 1963. Transistorized magnetic ampli- 
her and amplifier-complementer for digital computer circuits. 
Ephraim W. Hogue. (Air Force.) 

3,109,855 November 5, 1963. Tetrakis-[ pentafloropheny] |- 
silane and method of making the same. Walter J. Plummer 


ind Leo A. Wall. (Navy.) 


August 20, 1963. Dual-wedge high-pressure ap- 
Edward C. Lloyd, Daniel P. Johnson, and Ulric O. 
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